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FOREWORD

This memorandum presents the results of work performed by Northrop

Services, Inc. while under contract to the Aero-Astrodynamics Laboratory of

the Marshall Space Flight Center (NAS8-21810). This task was conducted in

response to the requirements of Appendix E-1, Schedule Order No. 3, Technical

Directive No. 1. Technical Coordination was provided by Mr. Wayne Deaton of

the Guidance Applications Section (R-AERO-GG).
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ABSTRACT

This memorandum presents a description of the strategy and logic used in

a space shuttle on-orbit rendezvous targeting program. The program generates

ascent targeting conditions for boost to insertion into an intermediate parking

orbit, and generates on-orbit targeting and timeline bases for each maneuver

to effect rendezvous with a space station. Time of launch is determined so

as to eliminate any plane change, and all work was performed for a near-

circular space station orbit.
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KEY WORDS

Orbiter - chaser or pursuit vehicle

Space Station - any target vehicle, satellite

Shuttle Launch Vehicle - booster plus orbiter configuration

Intermediate Orbit - a phasing orbit for the orbiter on-orbit used to alleviate
large phasing differences between vehicles. (= 100 n mi Parking orbit for this
analysis)

Constant Delta Height (CDH) - a height differential existing between the
orbiter and the space station (an orbit approximately 10 n mi below or above
the space station). Same as coelliptic orbit.

Transfer Phase Initiation (TPI) - A point on the CDH orbit when gross rendez-
vous conditions have been met in order to make the final transfer to the
rendezvous point.

On-Orbit - the pursuit vehicle after insertion and before rendezvous during
all of its intermediate phasing orbits.

vi.



NORTHROP SERVICES. INC.

SYMBOLS

Ai Wedge angle between planes at TPI

A( Range angle difference at TPI after isolation

AON Nodal difference at TPI

ATLf Lift-off time correction to compensate for nodal regression

A4 TB First pass Range angle difference using first guess two-body
targeting

XS',YS'Z Space fixed launch coordinate system

Az Launch aximuth

OL Geodetic latitude of launch site (28.6080)

Sun vector right ascension

aidV Sun vector declination

U.T. Universal Time measured from midnight Greenwich to launch meridian

AL longitude of launch site

~A difference in range angles of orbiter and space station at time
of orbiter insertion

insertion latitude, a function of inclination of the space station

desired inclination for targeting purposes

P
S Semi-latus rectum of CDH orbit

eS eccentricity of CDH orbit

Wl-l earths rotational velocity

Pp Semi-latus rectum of orbiter on-orbit during Hohmann transfer

ep eccentricity of orbiter on-orbit during Hohmann transfer

TULO Universal time of lift-off

Range angle

true anomaly

aPL argument of perigee
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SYMBOLS (Continued)

a Semi-major axis

e eccentricity

T DS desired insertion latitude for southerly launch

TDN desired insertion latitude for northerly launch
DN

,LS Range angle at the desired latitude

Xp,'X State vector position and velocity of orbiter

XT,$XT State vector position and velocity of space station

T1 Time of orbit insertion

1

%SVPT instantaneous angle from the suns projection vector on orbital
plane to the TPI point

8SVPD same as above but is the desired input value

ERA Unit vector in the equatorial plane and through the launch
longitude

aNT descending node of space station referenced from space-fixed
shuttle launch meridian in the equatorial plane

0NP descending node of the orbiter referenced from space-fixed shuttle
launch meridian in the equatorial plane

AfR desired range angle difference between vehicles at TPI

difference between actual and desired range angle difference, this
value to be driven < .05 in the isolation logic

Range angle of space station measured from the descending node
w.r.t. equatorial plane

Range angle of orbiter measured from descending node w.r.t.
equatorial plane

fNT Range angle of the space station measured from the common
(ascending) node of the space station and the orbiter planes

fNP Range angle of the orbiter measured from the common (ascending)
node of the space stationand the orbiter planes

AX difference in the range angles of the space station and the
orbiter
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SYMBOLS (Concluded)

WATP Wedge angle between the space station and the orbiters plane

WATOL Tolerance to select which A~ to use (for example, WATOL < .1 ::

Af = pT - ~p or Ad = NT -NT

TSTI Time of Circularization
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Section I

INTRODUCTION

This memorandum is primarily an equation defining document containing

the basic targeting equations in flowchart form to create targeting conditions

at lift-off for the shuttle launch vehicle. This also includes the method of

determining the on-orbit timeline of thursting events* during orbital maneu-

vers and also determines the Universal Time of lift-off.

The basic mission profile considered for this targeting procedure includes

boost to insertion and three impulsive maneuvers, as listed below, to establish

a constant delta height position (Figure 1-1).

* Insertion (50 x 100 n mi)

* Circularization at apogee (100 n mi)

* Perigee impulse (z 100 x 265 n mi)

* Coelliptic impulse (a 260 n mi)

The launch azimuth (Az), inclination (i) and node (eN) for the launch

phase are generated to achieve orbiter/satellite rendezvous. These are

generated in such a manner as to achieve orbiter/satellite rendezvous with

coplanar conditions near rendezvous and with the proper phase and coelliptic

height differential at TPI.

The given task assignment was to build a space shuttle on-orbit rendez-

vous targeting computer program that would depend only upon a target satellite

ephemeris and the initial in-plane orbital conditions of the space shuttle

(50 x 100 n mi). The computer program was to establish lift-off time for the

space shuttle so as to require no plane change in the ascent portion of flight,

or on-orbit portion of the rendezvous mission. The computer program estab-

lishes a timeline of the thrusting events and guidance targeting requirements.

*This targeting procedure is developed with impulsive maneuver simulations.
Using these targeting values on-orbit will result in ignition time deviations
for each maneuver. This could be alleviated by simulating finite burns with
the targeting deck itself.

1-1
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-- a-- - --ORBITER ON-ORBIT

Figure 1-1. COPLANAR PROFILE DEPICTING TIME BASES
FOR NEAR-CIRCULAR RENDEZVOUS

1-2
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Care was to be taken to minimize the number of instructions and storage

requirements of the program so that it would be possible to have an on-board

shuttle rendezvous capability. The Coordinators flowcharts were to be used,

and deviations were to be made whenever necessary and storage instruction

could be reduced.

1-3
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Section II

DISCUSSION

The shuttle, being a performance critical vehicle, should be targeted to

a zero plane change, on-time ascent to orbit (50 x 100 n mi) flight profile

(as well as to basic satellite delivery missions). The shuttle should not be

burdened with a requirement for a rendezvous launch window since this would

degrade the payload delivery capability. The procedure presented here will

allow launches to be achieved at each in-plane point. One in-plane point will

occur for a northerly launch opportunity and the other for a southerly launch

opportunity. These conditions occur twice per day, 365 days/year. These two

launch opportunities that occur each day are only restricted if the launch

site is too close to the in-plane point to allow pre-flight analysis to be

performed before the launch. With more restrictive launch vehicles (short

systems liftimes), the correct in-phase and in-plane condition (rendezvous

compatible) has to exist to achieve a rendezvous; but, this is not a require-

ment for the targeting technique presented in this memorandum. An intermediate

near-circular phasing orbit at the apogee of the shuttle launch vehicle

50 x 100 n mi insertion orbit will eliminate the space station in-phase

requirement at orbital insertion. (If the relative catch-up rate between the

100 n mi intermediate phasing orbit and the space station is not sufficient

to null out phase differences, the use of an intermediate stay orbit at a

higher altitude will be necessary.) An intermediate phasing orbit exists so

that phase angle differences between the two vehicles can be eliminated by

exploiting the difference in their respective orbital periods.

Other advantages of this targeting technique include:

· Launch vehicle performance variations will merely change the range
correction of the terminal rendezvous maneuvers without causing
unacceptable performance losses.

· Eliminates high closing rates of the orbiter w.r.t. the space
station, which might be encountered when using direct rendezvous
techniques and their resulting performance losses.

2-1
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a This technique allows launch opportunities to occur on a daily basis
without degrading the payload delivery capabilities. This is important,
for example, when considering the shuttle launch vehicle configuration
which requires many launches each year for economical reasons.

o If count-down is delayed the next opportunity can be utilized.

The targeting program generates complete targeting based upon space

station ephemeris data. This is accomplished by assuming that the Manned

Space Flight Tracking Network (MSFN) has made available the epoch (Universal)

time when the launch site will be contained in the space station plane, based

upon spherical trigonometry and also the ephemeris at this time. The orbital

elements (node, inclination, eccentricty, etc.) describing the position of

the space station at the in-plane time (U.T.) are presented in Section V.

The periodic perturbations of the space stations' inclination were

determined and accounted for in the targeting procedure by using a rapid

integration algorithm to advance the space station to the insertion latitude

of the shuttle (at present a variable step size Runge Kutta numerical

integration scheme is utilized).

The effects of orbital nodal regression are corrected by adjusting the

shuttle launch vehicle lift-off time while maintaining the same ascent

targeting parameters. The amount of nodal regression depends on the transfer

orbits necessary to satisfy phasing requirements, navigation update require-

ments and lighting requirements.

The ascent trajectory was programmed as a functional representation

of an ascent profile. This is presently a sixth order curve fit polynomial

as shown in the flowchart on page D-6. Future work in this area includes

curve fit techniques using exponential curves and other types of fits which

will improve curve-fit accuracy and reduce empherical curve-fit coefficients.

2-2
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Section IIl

RENDEZVOUS TARGETING TECHNIQUES

The procedures for effecting rendezvous includes integration of the

space station to the insertion latitude (6) to determine the desired inclina-

tion (ID) for the orbiter insertion. This causes the orbiter to have the

same mean inclination as the space station at insertion. This procedure is

necessary to account for periodic variations in the inclination of the

space station orbit about the oblate earth. The variation of inclination

versus time from insertion and time after circularization for both vehicles

is presented in Figures 3-1 and 3-2. These figures depict variations with

approximately the same mean inclination. Similar results, at a point on-

orbit after the apsidal rotation maneuver where the orbiter is phasing 10 n mi

below the space station, are presented in Figure 3-3. As can be observed at

this point, the variations in inclinations are almost in-phase and thus nearly

synchronized. This is desirable for rendezvous targeting to alleviate unnec-

essary plane change during coelliptic coast.

The desired inclination (ID) for targeting purposes dictates the ascent

targeting parameters for the shuttle booster/orbiter launch configuration. As

shown on page D-6 of the flowchart the insertion conditions for the southerly

and northerly launches are a function of the desired inclination. The launch

azimuth, descending node, insertion time, and range angle are presently least

square curve fit functions of the desired inclination (ID).

A quick-look two-body analysis of the on-orbit phasing is executed after

orbit insertion. Many of the two-body parameters (page D-8) are used for the

initialization of the isolation technique for its "first guess''.

The time bases for each on-orbit maneuver are given in Table 3-1. These

time bases occur approximately 200 seconds prior to the actual maneuver. The

actual times will be presented in Section IV. This timeline includes the

insertion time, the time of circularization, time of perigee burn out of the

3-1
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SOUTHERLY INPLANE
LAUNCH GEOMETRY

Figure 3-3. SHUTTLE RENDEZVOUS INPLANE LAUNCH GEOMETRY
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100 n mi intermediate orbit, time of coelliptic maneuver, and the time of

Transfer Phase Initiation (TPI).

Table 3-1. TIME BASES FOR PREPARATION OF MANEUVERS

The mission time of insertion and time of circularization will

changed during the isolation loop.- This is a constraint which must

to maintain the same ascent targeting parameters.

The

variable

at TPI.

two-body

L102

not be

be met

time of perigee burn out of the 100 n mi intermediate orbit is a

and depends on the desired value of the phase angle difference (A4D)

It also depends on the oblate earth effects on the "first guess"

timing.

The effects of orbital nodal regression are corrected by adjusting the

shuttle lift-off time.. Once the desired phase angle (A4D) at TPI is isolated,

then the existing nodal error is mapped into a Universal Time correction at

lift-off. This is demonstrated on page D-18 of the flowchart.

3-5

SYMBOL DEFINITION UNIT

T
1

Insertion time of orbiter sec

TTEST 1 Preparation for the circularization
maneuver begins at this time
(approximately 200 seconds before apogee
of initial insertion orbit of the
orbiter) - sec

TTEST 2 Preparation for perigee maneuver out of
the near-circular phasing orbit begins
at this time sec

TTEST 3 Preparation for the coelliptic maneuver
begins at this time sec

TSBST Time for the transfer phase initiation
(TPI) sec



NORTHROP SERVICES, INC. M-1082

The manner in which the sun's declination and right ascension are

evaluated is illustrated in Figure 3-4, and the suns position in the launch

coordinate system is depicted in Figure 3-5. Knowledge of the suns position

is necessary in the targeting procedures when proper lighting is considered.

A general flowchart of the rendezvous targeting technique is presented in

Figure 3-6. Detailed flow of this targeting procedure is included on pages

D-2 through D-20.

A typical mission profile is illustrated in Figure 1-1. The orbiter is

inserted into a 50 x 100 n mi orbit. A coast to apogee occurs where an

apogee burn is made to circularize into the 100 n mi circular orbit (TEST1).

After circularization a coast of at least a half-orbit is necessary (and is

handled by the scale factor input SFNO1). A value of SFN01=0.5 insures at

least a half-orbit before the perigee burn onto a Hohmann transfer at time

TTEST2. This scale factor can be initialized to any desired value. More

stay time would be desired if phasing or lighting constraint is to be satis-

fied. The purpose of extra stay time would be to insure time needed for real

time preparations. The scale factor for the Hohmann phasing (SFN02) and the

coelliptic phasing, 10 n mi below or above target, (SFN03) will insure extra

stay time in all phasing orbits until rendezvous is accomplished. This extra

stay time will enforce adequate time for crew and orbiter check-out, orbit

evaluation and system checkout, propulsion checkout, tracking acquisition, and

navigation up-date. Any realistic targeting technique has to provide this

extra controlled stay time for real time targeting.

After the perigee maneuver at time base TTEST2, a coast of approximately

a half an orbit brings the vehicle to an intersection with the coelliptic

orbit. The derivation of the equations for determining the intersection of

the near-Hohmann transfer with the Constant Delta Height (CDH) orbit at time

base TTEST3 is presented in Appendix A. The equations necessary for deter-

mining the desired values for the differential height are included in Appendix

3-6
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L

qSV = T + AL - U.T.l I

aCSV = a COS(b + c · Ty)

Figure 3-4. RIGHT ASCENTION AND DECLINATION OF SUN
WITH RESPECT TO LAUNCH MERIDIAN
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Figure 3-5. ROTATIONS FROM LAUNCH COORDINATE SYSTEM TO SUN VECTOR
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B. These equations have been presented in a earlier publication (ref. 1),

but in a different manner.

A pictorial illustration of the position of the orbiter and space station

at insertion (TN + T1) and at lift-off (TN) for the tracking network is given

in Figure 3-7. The AX angle represents the range angle difference between the

space station and the orbiter at insertion time T
1.

It is reasoned that the

tracking network will supply the ephemeris of the target when it is in-plane

at U.T. of TN or T
S
, and not the ephemeris that the target vehicle has at any

acquisition time T. The ephemeris will be used to determine the time devia-

tion (ATLo) for lift-off from this in-plane time (TN ) which will result in

coplanar on-orbit phasing near the rendezvous point. It is not a necessary

criterion, as stated earlier, that this be a rendezvous compatible orbit, so

any AX relation may exist at lift-off/insertion and rendezvous can be

accomplished through proper on-orbit phasing.

1. Wessel, V. W., BentZey, E. L., and Sport, R. H., "Guidance Equations for
AAP-4 S-IVB/LM-ATM Unmanned Rendezvous", Northrop-HuntsviZZe Technical
Report TR-795-9-531, April 1969.

3-11
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XT \ TN XT\ TN+Tj

Figure 3-7. SPACE STATION AT ACQUISITION TIME (TN) AND AT INSERTION (TN + T1)

3-12
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Section IV

RESULTS AND CONCLUSIONS

The rendezvous targeting program was developed to generate targeting

conditions for the shuttle launch vehicle at launch. The desired inclination

(ID) and launch azimuth (AZ) at lift-off can be determined to achieve rendez-

vous with near-circular target satellites at various inclinations and various

altitudes. Also, the time of launch (Universal Time, U.T.) and the timeline

bases from lift-off have been determined for the orbital maneuver to accomplish

rendezvous.

Verification of the targeting scheme included a total of 30 cases being

run with varying phase relationships of the space station (0 < A4 < 2w) at the

time of orbiter insertion (Figure 4-1). Included were cases with lighting

constraints, northerly and southerly launch opportunities, and different phase

relationships at transfer phase initiation.

Several cases were run for a northerly launch, without a lighting con-

straint. The phase relation of the orbiter at. TPI is below and behind the

space station by a 10 n mi height differential (the orbiter lags the space

station by a desired AX = -0.29 degree). Isolated phase angles at TPI of 0.29,

0.32, 0.28, and 0.24 degree were obtained (as shown in Table 4-1), which are

all within the desired tolerance of 0.05 degree. Also, the inplane conditions

at TPI are within acceptable limits as can be observed from the values of Ai

and A4N. These inplane conditions could be improved, if desired, by decreasing

the tolerance (of 0.02 degree) on pages D-18 through D-20 of the flowchart.

Also, the timeline for the on-orbit maneuvers is listed in Table 4-1 for dif-

ferent range angles of the space station at the time of orbiter insertion

(255, 345, 75, and 165 degrees). The adjustment required in the lift-off

time is listed as ATLO, with the negative values representing launch before

the spherical in-plane point.

Similar results for a southerly launch with a lighting constraint are

presented in Table 4-2. The desired sun angle input was 110.0 degrees.

4-1
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Table 4-1. LIFT-OFF TIME
FOR NORTHERLY

CORRECTION FOR NEAR-CIRCULAR TARGET ORBITS
LAUNCH WITH NO LIGHTING CONSTRAINT

4-3

TRUE ANOMALY 450 135 ° 255° 3150

ABOVE \R ANGE
AND A NGLE 255° 3450 75° 1650
AHEAD

Insertion 0 hr. 6 m. 0 hr. 6 m. 0 hr. 6 m. 0 hr. 6m
11 s. 11 s. 11 s. 11 s.

Circularization 0 hr. 48 m. 0 hr. 48 m. 0 hr. 48 m. 0 hr. 48 m.
27 s. 27 s. 27 s. 27 s.

Perigee 1 hr. 26 m. 7 hr. 14 m. 12 hr. 23 m. 18 hr. 36 m.
7 s. 41 s. 5 s. 11 s.

Constant Delta Height 2 hr. 14 m. 8 hr. 4 m. 13 hr. 13 m. 19 hrs. 27 m.
33 s. 42 s. 17 s. 3 s.

Transfer Phase Initiation 5 hr. 48 m. 11 hr. 10 m. 16 hr. 37 m. 21 hr. 58 m.
19 s. 59 s. 46 s. 17 s.

Sun Angle (deg) N. A. N. A. N. A. N. A.

Ai (deg) 5.3 x 10 1.1 x 10-2 6.9 x 10-4 4.4 x 10

4

at (deg) 0.29 0.32 0.28 0.24

AGN (deg) -4.0 x 10
'

4 -1.3 x 10-2 -2.8 x 10- 4
4.6 x 10 4

aTLo (sec) -284.7 -226.4 -199.06 -143.6

ApTB (deg) -.81 -2.21 -4.43 5.94

SFN03 (unitless) 1.5 1.5 1.5 1.5
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Table 4-2. LIFT-OFF TIME CORRECTION FOR NEAR-CIRCULAR TARGET
FOR SOUTHERLY LAUNCH WITH LIGHTING CONSTRAINT

4-4

ORBITS

TRUE ANOMALY 450 1350 2250 3150

RANGE

AND \ANGLE 255° 3450 750 1650
AHEAD

Insertion 0 hr. 6 m. 0 hr. 6 m. 0 hr. 6 m. 0 hr. 6 m
11 s. 1111 s. 11 s. 11 s.

Circularization 0 hr. 50 m. 0 hr. 60 m. 0 hr. 50 m. 0 hr. 50 m.
48 s. 4 48 s. .48 s. 48 s.

Perigee 18 hr. 27 m. 2 hr. 39 m. 7 hr. 51 m. 13 hr. 30 m.
36 s. 29 s. 52 s. 17 s.

Constant Delta Height 19 hr. 16 m. 3 hr. 30 m. 8 hr. 42 m. 14 hr. 19 m.
59 s. 3 s. 23 s. 59 s.

Transfer Phase Initiation 26 hr. 22 m. 8 hr. 37 m. 14 hr. 33 m. 18 hr. 50 m.
50 s. 27 s. 22 s. 34 s.

Sun Angle (deg) 109.91 109.88 109.92 109.84

ai (deg) 8.17 x 10 4 2.8 x 10
-
3 7.9 x 10

-
3 1.27 x lO 3

ap (deg) -.332 -.256 -.317 -.278

AON (deg) -1.87 x 10 4 -2.53 x 10
-
3 -9.3 x 10

-
3 5.2 x 10 4

ATLo (sec) 319.65 190.1 235.9 275.42

aDTB (deg) 35.5 13.36 22.7 16.11

SFN03 (unitless) 4.0 3.0 3.5 2.5
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The results presented in Tables 4-1 and 4-2 are for effecting rendezvous

with the baseline target in a 270 n mi orbit with an approximate 55 degree

inclination. Rendezvous targeting was accomplished in all cases considered,

with a time constraint of approximately 24 hours to the TPI point.

It should be noted thatrendezvous-with satellites at altitudes other

than 270 will result in violation of a 24 hour time constraint, but targeting

is still possible. This violation will most likely happen when the target

satellite has a lower altitude and thus additional phasing in the 100 n mi

phasing orbit will be required to alleviate large phase differences which may

exist.

The executed listing presented as an example in Appendix C gives the

eccentricity vector e, angular momentum (h) and delta velocity required

(AVR) at each maneuver time to effect each burn. These on-orbit targeting

conditions at each maneuver time canbe used as inputs for any guidance

package to simulate that particular orbital maneuver.

Results to date show that the present rendezvous targeting deck will

establish lift-off time and on-orbit targeting parameters to effect gross

rendezvous at TPI.

4-5
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Section V

PROGRAM INPUTS AND OUTPUTS

5.1 INPUT

The rendezvous targeting deck was programmed in Fortran IV language for

'ic: on the CDC-3200 computer. Inputs to the program are described in the

following text, and are listed in Table 5-1.

Table 5-1. INPUTS FOR NEAR-CIRCULAR RENDEZVOUS

5-1

FORTRAN
MATH ALFA-NUMERIC DEFINITION OF SYMBOL;

SYMBOL NAME SCALE FACTOR, FLAG, VARIABLE, ETC. UNITS

ISURF ISURF =1, Boost cut-off surface
=O, Steady state trajectory comp. Unitless

(see page D-6 of flowchart)

ILIG ILIG =1, Lighting constraint considered
=O, No lighting considered Unitless

(see page D-10 of flowchart)

Ao+A6 A(7) Polynomial coefficients as a function Deg
of inclination to determine latitude
of insertion for northerly launch.

Bo+B6 B(7) (Same as above for southerly launch). Deg

Co+C6 C(7) Polynomial coefficients as a function
of inclination to determine azimuth Deg
of insertion for northerly launch.

Do+D6 D(7) (Same as above for northerly node). Deg

E0-*E6 IE(7) (Same as above for northerly
time-of-insertion). Deg

F +F6 F(7) Polynomial coefficients as a function
of inclination to determine azimuth Deg
of insertion for southerly launch.

Go+G6 G(7) (Same as above for southerly node) Deg

Ho0 H6 H(7) (Same as above for southerly
time-of-insertion). Deg

QO-Q6 Q(7) Range angle of insertion (northerly). Deg

So+S6 S(7) Range angle of insertion (southerly). Deg

T T The universal time ephemeris data
received from tracking station. Sec
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Table 5-1. INPUTS FOR NEAR-CIRCULAR RENDEZVOUS (Continued)

FORTRAN
MATH ALFA-NUMERIC DEFINITION OF SYMBOL;
SYMBOL NAME SCALE FACTOR, FLAG, VARIABLE, ETC. UNITS

TN TN The universal time of the in-plane
opportunity for northerly launch. Sec

TS TS The universal time of the in-plane
opportunity for southerly launch Sec

TTOL TTOL Maximum time necessary to perform
pre-flight analysis using this Sec
targeting deck.

HAP HAP Altitude of apogee of orbiter
insertion ellipse N MI

HPR HPER Altitude of perigee of orbiter
insertion. N MI

AN AN Semi-major axis of space station
received from tracking network for M
northerly opportunity (TN).

eN EN Eccentricity of space station received
from tracking network for northerly Unitless
opportunity (TN).

i
N

XENCN Inclination of space station received
from tracking network for northerly Deg
opportunity (TN).

eNN TNNN Descending node for northerly launch
(TN). Deg

O'PLN ALFAN Argument of perigee for northerly
launch (measured from descending node Deg
opposite direction of flight).

(DN PNIN True anomally of space station for
northerly launch. Deg

AS AS Semi-major axis for southerly launch. M

e SES Eccentricity for southerly launch Unitless
eS
i
S

XENCS Inclination for southerly launch. Deg

eNS THNS Node for southerly launch. Deg

"PLS ALFAS Argument of perigee for southerly
launch. Deg

PHIS True anomally for southerly launch. Deg

PHI Geodetic latitude of launch site
measured from equatorial plane. Deg

5-2
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Table 5-1. INPUTS FOR NEAR-CIRCULAR RENDEZVOUS (Concluded)

FORTRAN
MATH . ALFA-NUMERIC DEFINITION OF SYMBOL;

SYMBOL NAME j SCALE FACTOR, FLAG, VARIABLE, ETC. UNITS

XLAMAL

BSVD

Al, B1, C1

TOLE

TY

DLHD

DLHB

SFNOi

SFN02

SFN03

SLM

Longitude of launch site measured
negative west of prime meridian.

Desired sun angle, measured from
sun projection on space-station
plane in direction of flight to TPI.

Coefficients for calculation of the
declination angle of the sun W.R.T.
in the equatorial plane. (see page
D-10 of the flowchart)

When the space station gets within
this tolerance, a simplified logic
for the space station in a circular
orbit will be inacted (eccentricity
tolerance).

Number of days past January 1 of
launch year.

The desired differential height for
the orbiter: > 0 :: CHD below target;
<0 :: CDH above target.

A bias used to insure that the trans-
fer orbit will intersect the C.D.H.
orbit.

Scale factor for the initial orbiter
insertion orbit. (Generally = .5)

Transfer orbit scale factor for inter-
mediate phasing orbit (SFN02 = .5 for
second orbital intersection).

Scale factor for phasing time in the
coelliptic C.D.H orbit (normally =
1.5).

Slope of the Ap = f(AH) curve assumed
to be linear.

Deg

Deg

Unitless

Unitless

Days

N MI

N MI

Unitless

Unitless

Unitless

Unitless

The first input card contains two fixed point options with a 2I2 format.

Presently the first option ISURF is flaged as 1. This designates that a

sixth order polynomial curve fit will be utilized for describing the Shuttles

insertion surface (Figure 3-3). A future mode may be programmed to execute

5-3

BSVD

a, b, c

eTOL

AHD

AHB

SFNO1

SFN02

SFN03

SLM
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a steady state trajectory. When this mode is developed the user would read

ISURF=0. The second option ILIG is for the lighting constraint. If ILIG=1,

lighting is considered and future inputs will include BSVD' a, b, c, Ty as

described in the input nomenclature.

The format for the remaining inputs is 6E13.8. A
0
through S6 contain

the coefficients-for the curve fit surface of the orbiters cut-off. These

are contained on the next 20 cards.

Input on card 22 are the universal times from the tracking station,

along with the radius of apogee and perigee of the orbiter insertion orbit.

Card 23 provides input for the ephemeris for the space station at the time

(U.T.) the launch site is in-plane with the space station for a northerly

launch opportunity. Similar values for the southerly launch opportunity are

input on card 24. The latitude of the launch site L' longitude AL' desired

sun angle %SVD' and coefficients for calculation of the suns declination

Al, Bl, C1 are input on card 25. Cards 26 and 27 will be changed by the user

as different mission profiles are desired. These cards contain the desired

differential height (AH) for the final phasing orbit (coelliptic) before TPI.

The desired phase angle (A+) at TPI is determined as a function of AH and is

presently read in as a linear function with a slope SLM.

Three flags are input which represent whole or fractional stay time

periods in each of the orbiters phasing orbits. SFN01 and SFN02 will be input

and will stay fixed. SFN03 can and will be "bumped" if the isolation results

in orbit coast periods in the coelliptic orbit is less than SFN03 times the

orbital period. That is, when the stay time in final coelliptic orbit between

the constant delta height maneuver and the TPI maneuver is less than SFN03

orbits (Note Page D-14 of the flowcharts), then SFN03 will be bumped by .5

and reinitialized.

A list of sample input data is presented in Table 5-2. It should be

noted that only two coefficients are listed for each surface or polynomial

curve fit variable.

5-4
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5.2 OUTPUT

The sample output (executed listing) presented in Appendix C is for a

northerly launch opportunity with lighting considered. The first two pages

yield the input values from the tracking station and the "first guess" two-

body analysis of the total mission. The last variable printed on the second

page, DVIT, gives the delta velocity budget requirement for all on-orbit

maneuvers; but, does not include the values for TPI and TPF.

The listing has comment cards throughout, describing each maneuver, and

gives on-orbit targeting requirements (e,h,Av). Both Universal Time and

mission time from lift-off for each maneuver is located at the top of the

page, along with the state variables of the orbiter and space station.

The last two pages present the final isolated values at the TPI point; for

example, sun angle, AP, Ai, AON, and, also, the state vector of the space

station in the updated coordinate system at the time of lift-off and orbit

insertion. The very last print statement yields the updated time-of-launch.

5-6
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Appendix A

INTERSECTION OF NEAR-HOHMANN TRANSFER WITH CDH ORBIT

A maneuver at the second orbital intersection of the transfer eclipse

with the CDH orbit will place the orbiter coelliptic with the space station.

Thus, a method had to be determined to compute the true anomaly of the orbiter

at the desired second orbital intersection. A solution to this problem is

possible if the two-body polar equations for position of each orbit are

equated and then solved for the true anomaly of the intersection. The deriva-

tion for determining the intersection point follows.

Considering the equation

aa = aT - ap

where aT is the argument of perigee of the space station orbit and ap is the

argument of perigee of the orbiter orbit, then

8S = 8p + Aa

where eS is the true anomaly of the CDH orbit and 0p is the true anomaly of

the orbiter at the intersection point.

Then, equating the position equations,

Pp PS

1 + ep cos p 1+ eS cos (0p+Aa)

or,

Pp + eS P cos(p + Aa) = PS + e PS cos 

and

e
S
Pp cos(0p + Aa) - ep PS cos ep = PS - PP

s P P P ~~S S P

A-1
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Making use of the trigometric identity of the cosine of the sum of two angles,

e
S
Pp{cos ep cos As - sin ep sin hA} - ep PS cos ep = PS - PP

Factoring out cos 8p:

sin 8p(-eS Pp sin Au) + cos Qp (eS Pp cos ac - ep PS) = PS - PP

Now let

8 = -e P sin Ac

A = eS Pp cos A - ep PS

Po PS - PP

then;

8 sin ep + A cos ep = P

A cos ep = P - 8 sin 8p
P o

2 2 2 2 2
A cos p = P -2P sin 9p + 2 sin ep

2 2
cos p = 1 - sin2 p

2 2 2 2 2
A2(1 - sin 8p) = P - 2P B sin ep + 2 sin ep

A - A sin p = P - 2P B sin ep + 8 sin p

and

(-82 -A
2 ) sin

2
+ 2Po8 sin 8p + A - P = 0

P 0 P 0~~

A-2
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In order to sove this quadratic, let

2 2
A = -B2 - A

B = 2P B
o

C A2 2
C=A2 P

and the equation is solved by

-B + B - 4AC
sin Op = 2A

P 2A

This equation is derived as a sine function instead of a cosine function

as in reference 1. The sine function is positive in the second quadrant and

negative in the third quadrant. The solution that is negative should be

selected and placed in the third quadrant (since the transfer is a near-

Hohmann). This will always select the second orbital intersection, that is,

select sin Op < O :: ep = -r - sin (ep)

A-3



M-1082
NORTHROP SERVICES. INC. M-

Appendix B

CONSTANT DELTA HEIGHT IMPULSE

The delta velocity for the impulse into the CDH orbit below or above the

space station is computed using two-body equations. Forcing the CDH orbit to

be coelliptical with the space station can only be achieved by having the same

differential height (AH) at apogee and perigee. Thus, to insure the AH will

be the same at apogee and perigee, the following equation was developed (see

reference 1 for complete derivation):

2 RRP
AH + (RRP-RAT-RPT)AH + RPT RAT + -2 (RPT-RAT)

RRP
cos D -- (RAT+RPT) = 0D 2

Letting

A= 1

B = RRP-RAT-RPT

RRP RRPT)
C = RAT , RPT + 2 cos E

D
(RPT-RAT) - R '(RAT+RPT)2 ~D 2

Then

A(AH)2 + B(AH) + C = 0

and

-B /B2B - 4AC
AH =

2A

If the coelliptic CDH orbit is above the space station then B = -B.

These equations are incorporated into the logic on page D-14 of the

flowchart as can be observed from this flowchart, once AH is computed it is

utilized to construct the conic parameters of the CDH orbit.

B-1
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Appendix C

SAMPLE OUTPUT: NORTHERLY LAUNCH

C-1

M-1082
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PARAMETFRS FOP 501lJ0 N,M. PHASING ORBIT/

RHP 6.47076600E 06
AP 6.51706600E 06

VVP 7.87643684E 63 GAMMAP-o2.8145834eoO1 EP 7.10442669E0IO
HAP i.o000001 E 62 HPP 4.99999902E 01 PHOOTP 6.87566714E-02

PARAMETERS FOR THE TARGET ORBIT

RRT 6.07755324E 06
AT 6.87P79782E 36

VVT 7.61364626E 03 GAMATO-2.85674250E-02 ET 5.30393640E-04
HAT 2.72289576E 02 HPT 2.68349542E 02 PHOOTT 6.34051019E-n2

CATCH uP RATE AND ANGLE FnR TwE HALF ORBIT OF THE 50X100 NH PHASING ORBIT

OPEITAL CATCH UP RATES 5.35156949F.03

ANGLc JF CATCH UPr 1,40101272F 01

TIME AT APOCEE OF 'fXI00 ORBIT= 2,98981135F 03
FIRST MANlUVFR TO CIRCULAHIZE ROXOO AT ITS APOGEE/

RLP 6.56336602r v6 VCP 7.79304310E j3 TAUCP 5.29175108E 03 PD)TCO 6.80304097E-02

OLPI2 8 . 7 ?68494--o5 ULMR20 .22379887E j1 DELV2 2.77318951E O1 T3 5.63568689E 03

SECDOND PUq, TAt SFER 'rUT IF 1nO NM CIRCULAR TOWARDS COFLLIPTIC

ORSIfAL HFI;RIOP= 5.~7460173E 03
MEAN O)8TITAL PATEz 6,t758207OE-62
CATC" u1 PATE= 2-,33135,4F-n3
IMPULSc HF!: PtMPENT= 1.6769?788C 01
TIME ITOi) FLJ'iHTT= ,37240775E 0R

OPHH3 6.44!564r- r U

COELhL]IC L'PlT Pi.AlI;U VFhlCI E IN CDO ORBIT

EH3 2?.191J34547-]2
E4 5.71296P9-2-04

GAHA40 4a .7103849r-,1

HPP4 A.856629305 06 RAP4 6.R6392630E 06
TW40 1.62350497E 02 R4 6.86375438E 06

VT4 7.618675n9E 03 GAfT4O 9.24340470E-03

AP4 e.66027/82E 06
V4 7.53710346E 03

nELV4 9.70709611E 01

THE TPI IrTNl! 1ON ANGLf IN RFLATION TO THE TAAGET& 2.90000000E-01
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IT ALSU SUrs UP THE DELTA VELOCITY AND CATCH UP ANGLE FOR THE TOTAL MISSION
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Appendix D

PROGRAM MODULES AND DETAILED FLOWCHART

D.1 PROGRAM MODULES

Name Function or Subroutine

RK713 This is a seventh order Runge-Kutta integration routine which
can integrate backward or forward

RKG The main routine of the integration package. Integration is
variable step-size with an accuracy tolerance of 0.0000005 for
the state

CONIC Computes orbital parameters given the state. (Only for
elliptical orbits.)

GMAT Matrix transformation from space fixed inertial launch
coordinate system (Xs) to the in-plane X'''' system

X'"" =: [-i]l [-ON]2 [%L]3 [Az 2]1 S

MAROT Sets up elements of transformation matrix for an angle of
rotation about the X, Y, and Z axis

ARTAN Arctangent from 0 to 2r or -fr to X according to flag
th

POLY Evaluates an n order polynomial given its coefficients

ECCV Computes eccentricity vector e
- - h r
e=v x

DEG Earth's gravitational potential function. Evaluates the
acceleration due to gravity for all three components

FATT Matrix transpose (3x3)

FATMU Matrix multiplication (3x3 times lx3)

PRINT Calculates the U.T. in hours, min., sec, adds the U.T. to
the mission Time "T", and prints out state and orbital
parameters of each vehicle in flight.
(Note: the program integrates in mission time, thus U.T. of
launch is added to mission time from lift-off to obtain
instantaneous U.T. time in flight)

FATMUL Matrix multiplication (3x3 times 3x3)

TIME Determines Keplerian time of flight between two positions on
an elliptical orbit

RANGA Computes range to and from descending node w.r.t. equator to
the instantaneous radius vector

TRUE Computes true anomaly from perigee to the instantaneous
radius vector

D-l
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D.2 FLOWCHART

EPHEMERIS DATA OF SPACE STATION

TN' aN' eN' iN' 0NN' aPLN' DN
TS' as, es, is' eNS' aPLS' 4S

JPASS = O, KPASS = O

D-2
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PAGE D-4

D-3

I
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y2V FROM PAGE D-3

XFT- I RO XT- VO C3SIN yO

Y[] K T = [K]
-

; T = [K] 0
ZT 0 10 MT VA COS Y

AT = 100.0, MPASSI=O

.+ f

$1 ̀ TO PAGE D-7

4

AMT = X X/!i. x X TI

DNT= AMT X 
ERA = COS L i + SIN $L

Y . SIN (X T^ Q/IXTI)

eNT = COS -[ERA ' DNT/I

INT =TAN-1{1. -
AT = XTIlP/(2p -

TO

SIN AZ J - SIN cL COS AZ kl

1/2/ MT)
/(o AM)(Q XT AXT)

I|XTI2 JR TI )

PAGE D-5

D-4

C.2

FROM

M-1082

I

DNTI]
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TO PAGE D-7

SOUTHERNLY

D-6

M-1082
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FROM PAGE D-6

-- TO PAGE 0-3

FROM PG.

TO PAGE D-2

FROM PG. D-4

4[ TO PAGE D-8

D-7

KPASS = 1, JPASS = 1
Ro = HPER * CF + R 

RA = HAP * CF + R 
)

e = (RA - Ro)/(RA + Ro)

Vo = /pi(1 + e)/R
a = (RA - Ro)/2

o = 0.0

LO =T
XLO = XT

X jT+T d

T

: IT+T1

xT = T dt
T

M-1082
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TO PAGE D-9

FROM PG. D-7

TTIXp'XpSXPIXT'xT

T
1

= TIME OF ORBITER INSERTION

RRp = IRPI, VVP = 2I
Ap = RRpp/(21 - VVp. RRp )

RRT = IXTI, VVT = IXTI
AT = RRTP/(2p - VVT RRp)

PA1 
=

(P/A )'s TA1 = [/AT3 ]/2

I= PA1 - TA13 1/2

"AMR 1 = A$1(n)[Ap 3 /] 2 211/2
HpHp = RRp VVP COS. yp, Ep = A- p 

Yp = SIN [(Xp · Xp)/(RRp VVp)]

RAp - Ap(1 + Ep), VAp A +E

H 2 12

HT = RRT VVT COS YT, ET - A p2]1/2

RAT = AT(1 + ET), Tp1l 2 .

RpT = AT(1 - ET), RT = RAT - RPT

T
2 = T1 + Tpl/2

JLIGHT = O, SSFN03 = SFN03
TULOS =_TULO
XTS1 XT Xps1 = XP

XTS = XT, Xps1: Xp

IL.
XN SILIG NO XN=

=1.0 = 0.0

FROM PAGE 0-15

D-8

RAP3 = RAT - aHD + AHB, RPP3 = RCp, AP3 =

(RPP3 + RAP3)/2. EP3 = (RAP3 - RPP3)/

(RAP3 + RPP3), RPP4 = RpT - AHD

RAP4 = RAT - AHD, AP4 = (RPP4 + RAP4)/2
EP4= (RAP4 - RPP4)^RAP4 + RPP4)

4 = Cos- AP3(1 - EP32) - AP4(1 - EP42)

LEP3AP4(1 - EP4 2) - EP4AP3(1 - EP32)J

R4 = AP4(1 - EP4
2
)/(1 + EP4 COS (84))

V4 = [2pAP3/R4) - P]/AP3) 1/2

Y4 = TAN
-

1 ((R4 EP3 SIN(e4 )/(AP3(1 - EP3

VT4 =f[(2AP4)/(R4) - i]/AP4) 1/2

YT4= TAN 2 (R4 EP4 SIN e4]/[AP4(1 - EP42)]
AV4 = [VT4 + V4 -2VT4(V4) COS(T4 Y4)]
AVR= f(AHD) 

RPP3 = RCp, RAP3 = RpT - HD - AHB

AP3 = (RPP3 + RAP3)/2, Tp3 = 2r 33]
1 /2

;PA3 = [Ap 3/ 11/ 2l , A3 = ;PA3 - +TA1'

AOMR3 = A~3 (SFN02) Tp3, T4 = T3 + (SFN02) Tp3
RAP3 = RAT - AHD + AHB, VPP3 =

[2w RAP3/RPP3(RAP3 + RPP3]1/ 2 , AV3 = VPP3 - V

Rcp = RAp, VCp = [p/R pl/2CP AP' VCP ["/RCp]

3 ] 1 / 2

TCp = 2i [RCp/l]

iCP= [P/RCP ]1/2

="2 =CP - ;TA1' 60MR2

6A2 (SFNO1) TCp, AV2 =

VCP - VAp, T3 = T2 +
(SFNO1) T Cp

*A

r

L_ i

I

M-1082

T

I I



M-1082NORTHROP SERVICES. INC.

FROM PG. D-8

1/23 3

T 2 (Ap4 ) AP4 ) AR = SLM AH

P4CU : c AP4 - OTA1
4I~MR4 A ̂~CU(iP 4 )(SFN03 + XN) + AR
TTPI = T4 + [p4(SFN03 + XN)

A^MRT1 .= AMR1 + AQMR2 + aOMR3 + A'MR4

VVIT = AV2 + AV3 + AV4 + AVR

RANGA

| P1

f

f I

ar A1 + 2. MRT

TO PG. D-10

D-9

OT1 T1 + 2R

AOAl = OT1 - OP1

aA1 =

a+A1

T
AT1 = SFN03 · TP4 + Tp1/2 + Tp3(SFN02)

°1l = aOMR1 + ̂ AMR3 + a+CU Tp4 (SFN03)

a 2 = +A1 - A 1 - AR, AT2 = A+2 /A4 2

TSBST = T1 + aT1 + AT2, TEST1 T + Tp
1
/2 - 200

TTEST2 = T1 + Tp1 /2 + AT2
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FROM PG. D-9

4 13FROM PG. D-17

B

ORBIT INTEGRATION
OF ORBITER AND
SPACE STATION
FROM T1 TO
TSBST

YES
ILIG =

JFLAG = 1
AT = (BSVPD
BSVPT)/BSD

YES

+ BSD (AT)
> BSVPD

NO

TION L _

D-10

M-1082

TO PG. D-11

T = TSBST, XT. XT

°SV " + XL -' TULO

CSV = a COS (b + c - Ty)

C05soV ° SINOSv

[-sv]2 1 °

S LIN' SV O COSOsvJ

COSaSV -SINaSV O

0- 1

IS] [-aSV]3[-SV]2 [A]

V2L= Cs]l 0o

JFLAG = O

I-

SV= SV S + SV3k, T XTi + YTJ + ZTk AMT X= T X XT

PV = AT SV, SVP = PV X AMT, SIN(BSVPT) = XT ' SP/{IXTIjlpI}

COS(BSVPT) = XT SVP/{lXTIlVPI)' BSD = IXT X XTI/(XT · XT)

BSVPT = TAN1I[ IN!BSVPT]
LCOStBSVPTd

TO PAGE D-20
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4-3 FROM PG. D-10

XT = XTSl

XT XTS 1

ORBIT INTEGRA-
TION OF ORBITER
AND SPACE STATION
FROM T1 TO
TTEST1

EC CV TRUE TIME

EEP PTA . TGP2

NO

OF ORBITER AND TGP2 < 30

RAP = RRP XpI VC = (/RAP)1
/
2 NCp XP X

VCP X=, x NCpp/(lXp x NCpp), c = VC VCP

: VCp-i,, X=Vp x= Vcp, TSTI T

XpS XPI XPS X Xp, XTS = XT, XTS = XT

(~~MAJOR ~ORBIT INTEGRA-
ISOLATION 4-15TION OF ORBITER

AND SPACE STATION
TO TTEST2

FROM PAGE D-19

4-4 TO PG. D-12

D-11



NORTHROP SERVICES, INC.

LIFT-OFF TIME -iTIXTI

CORRECTION AT IXTI"/(2" I:TI iT IO

ECCV AT(1 + ET) - AHD, RPT D 1 A

FD - _EET ETD = (RAT_ - RpTD)/(RATD
FROM PG. 0-11 COSTTAPA = EET · (-XP)/[ET

[2RATDRpTD]/[(RATD + RPTD)
+ /,H B, Rpp = Ipl. Ep = (RA

ORBIT INTEGRA- PP = [!(I/Rep)(l + Ep)11/2
TION or ORBITER Vpp Xp NC/(lX X NCP
AND SPACE [ -

STATION TO V v V = V
TTEST3 g = Vpp - Xp Vg2 = IVgl .

,IP2 = 2. Ap3/2/, TTEST3 =

-250., AT = 200., Xp 
=

Vpp,

EET

ECCV

YES

EEP ITG 10

ET ' SEET'' I I TIME
4.[~ Ep =EEpI,

AP IXPIW/ TG3

FROM PG. D-13 (2, - 2 YES

RAP = Ap(1 + Ep)

PP = Ap( - E 2) ST NO

ORTEST = RAP

IXTI + AHD - 100.0

Rs = IXTI - aHD
PTASI -

TRUE - iC PP - RS) + 2\
PTA COS (

PHTST=PTASI-
PTA

YES OT TEST
0

TO PG.~ 0-13

P YES

-NO

D-12

M-1082
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4 FROM PG. D-12FO

TO PG. D-14

TIME

PTA-* PTASI
TG3

AT = VIXTI/(2 - IXTI 21TI,) RATD = AT(1 + ET) -H D

RPTD = AT(1 - ET) - AHD, ATD = (RATD + RPTD)/2
ETD = (RATD - RPTD)/(RATD + RPTD), PTD

ATD(1 - ETD2 ), COSTTAPA = EET ' (-EEP)/(ETEP)

RTD = PTD/(1 + ETD COSTTAPA)
DRTEST = RAp - RTD - 100.0, IPASSI = 0

-MP Xp XP, AMT : XT x XI,M =X x^ ,A A x 
DN AT AMT x DNp AMP 

DNAMP DNP X AMP' DNAMT_ DNT
SINT EET * DNAMT/[ETIDNAMTI]

COSaT = EET * DNT/[ETIDNTI]

aT = TAN 1(SINaT/COSaT)

SINcp = EEP . DNAMP/[EPIDNAMPI]

COSap = EEP ' DNP/[EpIDNPI]

ap = TAN 1(SINap/ COSap)

ac = aT - aP' D ETD(PP).

COS(Ac) - PTD(Ep), E -ETD.

(PP)SIN(ac), F = PTD - PP

A = -(E2 + D2), B = 2FE, C =D 2

RAD = B2 4AC, STI = (-B - Ri

STII = (- B + /RAD)/2A

- F2

D)/2A

D-13

|P Y ES PTAS I =
-_+ S < - -T +

~-SIN- [STI I ]~-SIN-1[STII

I~~~~~~~~~ 
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4-8 FROM PG. D-13

ECCV

EET

AT = IXTI /(2P - IXTI I TI)

ET = IEETI' 'PCET = Xp X Xp

NCTCT = EET x NPCET'

COSTTAPP = EET * Xp/[ETIXpI]

SINTTAPP = NCTCT ' Xp/[INCTCTI IXpI]

PT = AT( 1 - ET 2)

RRT = PT/(1 + E
T COSTTAPP)

AR1 = RRT - IXpI, B = IXp| - RAT - RpT

.AY 1 > NOSB =-B

.YES

C = RAT(RPT) + (IXpI/2){COSTTAPP(RpT - RAT)

AH1 = I[-B + (B2 - 4C)1/2]/21, AH2 = I[-B -

AR = IAR1 J, DRT1 = IAR - AH1I, DRT2 = JAR -

- (RAT + RpT)}

(B2 - 4C)1/2/21

AH21

T

R1 >0 NO AH HD 

TO PG. D-15

'
ORBIT INTEGRA-
TION OF ORBITER
AND SPACE
STATION TO TUTP

AFROM PG. D-12
FROM PG. 0-12

D-14

LIFT-OFF TIME
CORRECTION

RP RpT AH RAP = RAT- AHD E = (RA - Rpp)/(RAp + RPp),

AP = (Rpp + RAP)/2, Pp = Ap(1 - Ep2 ), VP = [(P/Pp)(1 + Ep2 + 2EpCOSTTAPP)]1/

Yp = TAN 1[(Ep SINTTAPP)/(1 + Ep COSTTAPP)], NCpp = XP X XP

Vpp = Xp x NCpp/[IXp X NCppl], Xp = Xp/lXpI, V VpCOSyp Vpp

+ Vp SINyp Xp, Vg3 = VP - XP' Vg3 = IVg3 XP VP
ICOR = ICOR + 1

M-1082



NORTHROP SERVICES. INC.

LIFT-OFF TIME
CORRECTION

FROM PG. D-14

TCDH-TUTP YESYES+SSFN03
*T -1000.

NO

TO PG. D-8

TO PG. D-16

V
M-1082

SFN03 = SFN03 + .5

xT= xTS1
XT = XTSl

Xp= Xpsl
TULO = TULOS
DT = DTS

AMp = xp Xp, AMT = XT x XT

NTP = AMP X AMT

ATP = [ AMP A MT.~~~

t

NCXT = T X NTP' NCTCT = NTP X NCXT
SIN +NT = [NCTCT T/{INCTCTI ' IX TI}
COS 'NT = [NPT XT/[INTPIIXTI]

NT= TAN-
1

(SIN ~NT/COS ~NT)
NCXP = XP X NTP' NCP = NTP x NCXp, SIN NNP
NCPCP ' XP/{INcPCplIXPI} COS NP NTP ' P
/{INTpJIXpPI}, NP = TAN- 1(SIN Op/ COS ~p)
ERA = COS L i + SIN OL SIN Az j - SIN E COS Az k

NT COS-1(ERA ·NT/16NTI), ONP = COS-(ERA 6NP/I NI)
AOE = ONT - ONP

D-15



M-1082
NORTHROP SERVICES. INC.

D-15

PG. D-17

*NP = ONP + 2w

A+= NT - NP

TO PG. D-17

D-16
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D-17
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FROM PAGE D-19

IL

>TO PG. D-11
MAJOR
ISOLATION)

T LOOP

T -20

TO PAGE D-20

I
= XT X XT/IXT x XTI ' DNT = AMT 

= TAN
'
1 {[1. - (6 · AMT)21/2/(Q,

= COS +L; + SIN OL SIN AZj - SIN

= COS- [(ER ' NT)/(D1NTI)]

= eNT - AeE

SIN OL

COS OL

SIN AZ

SIN AZ

COS Az

F COS °NT
[B] = SIN eNT SIN INT

SIN eNT COS INT

AMT)}

OL COS AZk

-SIN OL COS A

-COS OL COS AZ

SIN AZ

0 SIN eNT

COS INT -COS 6NT SIN

SIN INT ' COS eNT COS

COS OT 0 SIN oT [G] = [B][A
COT I = O 1 O [K] = [OT][
-SIN* T 0 COS OTJ

IXTI, VT IXT, 1T: = [K]'I Tj ; 2T= [K] 1I

1.

[G]

T = TSTI, Xp = Xps; YT = SIN 1 (T ' XT )

/(RTVT)] '

TS XT' XTS = XT

j~RANGA 1
~ T

FIRST
PASS

THIRD AND

YE

i

ATTT2=60E/(A '2-ACU)-

T = TSTI, Rp = xPS' =

4PSo XT = XTS' XT = XTS
TU = TSTI + TULO
TTEST2 = TTEST2 + ATTT2

ATLo = aeE/we,TULO

= TULO + ATLO, XTR1 . XTS
T - TSTI, XT = XTS' XT

= XTS, bAE = AO - AOR

TUTP = TUTP -ATLO

SPACE STATION ORBIT INTE-
GRATION FROM T = TSTI
TO T = TSTI + ATLO
(ATLO < 0 INTEGRATE BACK)

AMT

INT

ERA

eNT

°NT

XTR2 = XT @ T = TSTI + TLO'

"ALOC. = COS [XTR 1 X TR2/(IXTR I ITR21 )
AOLOC = [ATLO/IATLOI] bOLOC
ATT1 = [1ALOC - (AOLOC 6~CU)/A$ 2 )

- ATLo LAOCU]/A 2

aTT2 = aOE/(A°2 - b~CU).
ATT2 = ATT1 + ATT2, TTEST2 =
TEST2 + ATT2

COS [L
[A] = SIN OL

O

FROM PG.
D-19,
D-20

RT=

F,,

D-18

M-1082
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4-1 FROM PG. 0-18

A - R

4-16
FROM PG. 0-18

TO PAGE 0-18

THIS IS THE SOLUTION
RECYCLE AND PRINT
OUT ISOLATED TIMELINE
AND TARGETING PARAMETERS

IsOLAS NO 4-21

TO PAGE D-20
YES

MAJOR
iSOLAS ISOLATIONJ

LOOP :
TO PG. D-1

D-19

TO

LAST PASS NODE CORRECTION

ATLO -A AE/lD' XTR1 : XTS.
T = TSTI, XT = TS XT = XTS

TULO = TULO + ATLo, ATLoT =

TULOSS - TULO, TUTP = TUTP -
aTLo, TULOSS = TULO

i 

SPACE STATION ORBIT INTEGRATION (ONLY)
FROM T = TSTI TO T = TSTI + ATLo

(IF ATLo < 0 INTEGRATE

BACKWARDS)

ACCUMULATED VALUE*
OF LAUNCH TIME CORRECTION

XT = XTS' T =
TS'

xP= XPS, XP = PS'
T = TSTI

*ATLOT = TULO - TULOSXTR2 = XT @ T = TSTI + aTLo

AOLOC COS-1 [XTR1 ' XTR2/( XTR1 IXTR2I)

"ALOC = [ATLo/ IaTLOI] ALOC
aTT1 = [AOLOC - ('OLOC 'ACU/~42)

- ATLO CU]/A2',
TTEST2 = TTEST2 + ATT1

I
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4A FROM PAGE D-19

TO PAGE D-18

PAGE D-18

T = XTLO' XT = XTLO

SPACE STATION
INTEGRATION FROM
T = TULO TO T =
TULO + ATLoT

AeE = * ATLo
KINS = 0
JINS = 1

FROM PG.
D-18

XT =XTS' X T = XTS1
SPACE STATION ORBIT
INTEGRATION FROM
T = TULOS TO T =
TULOS + ATLo-

KINS = 1

4-19 TO
3T

D-20

4-19>

KINS~ YES 
4-20 . 0

NO. . ~~NO

READ
ANOTHER
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D.3 SUBROUTINES
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TRUE

NEC X x X, NCEC = e X NEC
COS(TA) = e · X/{IelXIl}

SIN(TA) = NCEC X/{INCECIII}

TAN1 SIN(TA)TA = TAN OSTA

RETURN

RANGA

RETURN

D-22

AM = X x X, DN = AM x Q, D CH = AM X DN

SIN 0 = DCH . X/{IDCHIIXI}
COS c = DN '. /{IDbNITI}

-= TAN- 1(SIN O/COS 0)
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PROGRAM LISTING
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T I PROGRAM TARG * PAGE 24

PROGRAM TARO A I
DIMENSION XP(3), XDP(3)a XT(3,' XDT(3), XTRI(3), XTR2(3), TEMP1(3) A 2

lo TEMP2(3), TEMP3(3), TEMP4(3 ') TEMP5(3) XOMEGA(3). AAA(3,3), B88 A 3
2(3o3o9 CCC(3,3), DDD(3,3), XPSi3)0 XDPS¢3), XTS(3)# XDTS(3). EV(3) A 4
3o AM(3)p XTSI(3)r XDTS1(3), XQPSl(3)# XPSI(3) .A 5

DFMENSION A¢7), B(7), C¢7). D(7)r E?7 ), F?7)# G(7)s H(7), Q(7), S( A 6
179 A 7

DRMENSION XTLO(3), XDTLO(3) A 8
~CF~81~2t A 9

GN003986032EI5 A 10
RES63Y7166, A 11
GMg2,7972064EI5 A 12
OMEOAPe 729211585E.04 A 13
P92s6.231852 A 14

A 15
ZERO~O,0 A 16

ON lie31 e~J~~~~~~~~~%B~~~ A 17
TW022.0 A 18
CNV507,29577951 A .19
WATOL ,1/CNV A 20
KPASS3O A 21
JPASs 0 A 22
READ 7 50 ISURF, ILIG A 23
RED 760 A, 8, CD, E, F, G, H, O. 'S A 24
READ 29,00O TTN.TS.TTOLHAPiHPFER A 25
ROAD 2100a AN,EN,XENCN,THNN.ALFANPH!N A 26
READ 2O00a ASESsXENCS,THNS,ALFASPHiS A 27
READ 2O009 PHNXXLAMALBSVD,Al;,B,C1,TOLETYDDLHDDLHB,SFNO1,SFNO2, A 28

lSFNO3aSLH A 29
J NS A 30
DTg85 0 A 31
D72206o A 32

7T12320 o A 33
SsFNO3eSFNO3 A 34
tJLXGH O A 35
DYSDT A 36
PHXBOsHX A 37
AZOUAZ A 38
DELTHaDLHD A 39
DLHDPBDL>HD*¢F A 40

~~~~~~~DLHBa~~~~~~~DLHB',~~F ~A 41,
PH~PH~/CNV A 42
AZ8AZ/CNV A 43
XLAMALOXLAMAL/CNV A 44

7VD2B8$ VD/GNV A 45
AIOA1/¢,NV A 46
sB&Ble/CNV A 47
6ls /lCNV A 48
XENNXENCN/CNv A 49
THNNyTHNN/CNv A 50

E-2
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, r u Y * PAGE 25
PROGRAM TARG

ALFAN=ALFAN/CNV A 51
PHIN#PHIN/CNV . A 52
XENCSoXENCS/CNV A 53
THNSxTHNS/CNV A 54
ALFAS=ALFAS/CNV A 55
PHIS=PHIS/CNV iA 56
IF (TN-TS) 20,50,50 a 57

20 IF ((TN-T)-TTOL) 40,30030 .A
30 NORTH1I A 69

,TULOcTN A 
PRINT 1770 A 61
GO TO 60 A 62

40 NORTH=o A 63
TULO=TS A 64
PRINT 1780 A 65
Go T0 60 A 66

50 IF ((TS-T)-TTOL) 30,40,40 A 67
60 IF (NORTH-1) 80,70,80 A 68
70 TxTN A 69

AT.AN A 70
ET=EN A 71
XENCTaXENCN A 72
THNTsTHNN A 73
ALFAIT.ALFAN A 74
PHI I=PHIN A 75
GO TO 90 76

80 T=TS A 77
AT=AS A 78
ET"ES A 79
XENCTuXENCS A 80
THNT:THNS A 81
ALFATmALFAS A 82
PHI IPHIS A 83

90 IF (JPASS-1) 100,140,140 A 84
100 IF (THNT-PI/2,) 110,110,120 A 85
110 AZL°Pi-ARSIN(COS(XENCT)/COS(PHi)) A 86

AZO=AZL*CNV A 87
AZaAZL A 88
GO TO 130 A 89

120 AZL=ARSIN(COS(XENCT)/COS(PH)) , 90
AZ=AZL A 91
AZOEAZL*CNV A 92

130 PRINT 1800 A 93
PHI IO"PHI I *CNV A 94
ALFATOxALFAT*CNV A 95
XENCTOQXENCT*CNV A 96
THNTOxTHNTeONV A 97
PRINT 1790, T,ATiETxENCTO,THNO., ALFATO,PHIIO A 98
PRINT 1810, AZO A 99

140 PHIToPHII-ALFAT A 100

E-3
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PAGE 26T I Y*
PROGRAM TARG

CALL MAROT (AAA,AZ-PI/2.,1,1l
CALL MAROT (BBB,PHI,3*t1)
CALL MAMUL tCCC,BBBAAA)
CALL MAROT tAAA,THNT,2,1i)
CALL MAROT (BBB,XENCT,1,-1)
CALL MAMUL (DDD,BBBsAAA)
CALL MAMUL (AAA,DDDCCC)
CALL MAROT (BBB,PNIT,2, *1)
CALL MAMUL (CCCBBB*AAA)
CALL FATT (DDO,CCC)
XOMEGA(1)eSN(PHI)
XoMEGA(2)-COS(PH! )*SIN(AZ)
XOMEGA(3)=COS(pHI )*COS(AZ)
IF (KPASS-1) 150,160,150

150 RO5AT,(ONE.ET*ET)/(ONE*ET*COS(PHII1))
VOSQRT( GM* ( TWO/RO-ONE/AT )
GAMMQaARTANET*S IN(PH! I), ONE+ET*COS( P!! 1)

160 CONTINUE
TEMPlj1 )RO
TEMP1 (2) ZER0
YEMP F3 ) sZERO
TEMP21 )VO*S N GAMMO )
TEMP2 2 )aZERO
TEMP2 (3 )VO*COS (GAMMO)
CALL FATMU (XT,DDD,TEMP1)
CALL FATMU (XDTDDDeTEMP2)

MPAS$! =0
9F (JpASS"l) 170a370s170

,70 CALL RANGA (XTXDTDXoMEGA,pH!t )

CALL vCROSS (TEMPi,XTXDT)
CALL vCROSS (TEMP2,TEMPI,XOMEGA)
RRTYVMAG( XT)
Pe ARS ! N (VDOT ( XT, XOMEGA )/RRT)
P$OX$SICNV
TENP 1) ?C0S(PH !
TEMP9i22)SlN(PlB*SSNN( S AZ
TRPM5P(;3-SYN(PHI)*C0S(AZ)
7NARCOS( VDOT (TEMP5TEMP2)/VMAG(TEMP2 ) )
CALL VUNIT (TEMP4,TEMP1)
DUMVDOT ( XOMEGA, TEMP4)
~DUNDUMI*DUM1
XENCARTAN (SORTC ONEDUM ) DUM iI
AT7'RT*GM/CTWO*GM-VDOT( XDT, XDT)*RRT)
X0NCO XENC0CNV
PHW TO:PHI T*CNV
THNTOQTHNT*CNV
POiNT 1700 PSXO
IF tMPASS!lv) 180,300lO80

;<~0 V (THNT.PIo/Two) 200,190,190

E-4

A 101
A 102
A 103

A 104
A 105
A 106

107
Ai 108
.A 109
A 110
A 111
A 112
A 113
A 114
.i 115
A 116
A 117
A 118
i 119
A 120
4. 121
A 122
A 123
i 124
A 125
A 126
A 127
i 128
i 129
A 130
i 131
A 132
A 133
i 134
i 135
A 136
A 137
A 138
i 139
A 140
A 141
A 142

A 144
A 145
A 146
A 147
A 148
A 149
e lD
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T I D Y* PAGE 27
PROGRAM TARG

190 NORTH1I A 151
GO TO 210 .A 192

200 NORTHaO A 153
SOUTHERNLY LAUNCH COEFFICiENTS A 154

210 IF (NORTH-1) 220,230,230 A 55
220 PSIDO.POLY(B,XENCO,6) A 156

PSID=PSIDO/CNV A 157
DUM.COS(XENC)/COS(PSID) A 158
AARSQRT(ONE-DUM*DUM) A 159
PHILSUARTAN( (SIN(PSID)/COS(PSD) ),AA',1) A 160
PHILSnPI2-PHILS A 161
DPHRRUPHILS-PHIT A 162
GOTO 240 A 163
NORTHERNLY LAUNCH COEFFIC!ENS .A 164

230 PSIDOPOLY(A,XENCO,6) A 165
PSIDxPSIDO/CNV A 166
DUnMCOS(XENC)/COS(PSID) A 167
AAmSQRT(ONE-DUMDUMUM) A 168
PHILS.ARTAN((SIN(PSID)/COS(PSID')), AA-I1) .A 169
PHILSuPI+PHILS A 170
DPHRR=PHILS-PHIT A 171

240 CONTINUE A 172
DPHRROnDPHRR*CNV A 173
PRINT 1710, PSIDO .A 174
-IF (PHIT-PI) 290,290,250 A 175

250 IF (DPHRR) 290,290,260 A 176
260 PHIDxSQRT(GM/(AT*AT*AT)) 1A 77

TGReDPHRR/PHID A 178
IF (TQR-100.0) 270,270,290 A 179

270 DTT3=13,0 .A 180
IF (TGR-20.0) 280,280,290 A 181

280 DTT3=TGR A 182
MPASSIi1 A 183

290 TFNT+DTT3 A 184
CALL RKG (PHIOAZO,XT,XDT,TTF' .) 185

.A 186
TULODC0,0 A 187
PRINT 2210 A 8lee
CALL PRINT (TF,XT, XT, AZ, PH, ULOD) A 189
GO TO 170 A 190

300 PRINT 1840 A 191
PRINT 1820, PSIO A 192
PRINT 1830o PSIDO' A 193
XIDO.XENCO - 194
PRINT 1850o XENCO i 195
IF (ISURF-1) 310,330,310 A 196
THIS IS WHERE THE STEADY STATE SHOULD BE PROGRAMED IN THE. FUTURE A 197

310 DO 320 I:1,3 A 198
XP(I )mO,O A 199

320 XDP(I)aO,O _A 200
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T I D Y * PAGE 28
PROGRAM TARG

PRINT 1860 A 201

GO TO 400 i 202

330 IF (NORTH"1) 350,340,350 A 203

340 AZNwPOLY(C,XIDO,6) A 204

AZOsAzN A 205
THNNPxPOLY(D,X ID0, 6) A 206
¥TN=PQLY(E, XIDO, 6) i 207
PHNPNPOLY(Q XIDO,6) i 208

PHN IlPHIPN/CNV A 209
ALFAT= oO .A 210

THNTsTHNNP/CNV i 211

AZcAZN/CNV A 212
T12¥1TN A 213

GO TO 36g A 214

350 AZSmPOLY(F,XIDO,6) A 215
AZomAzS A 216

THNPSP=POLY(GXIDO,6) A 217

TS$POLY(H,XlDO,6) A 216

PHlPpsPOLY(3oX[DO, 6 ) A 219
PMH XPHIPS/CNV A 220
ALFAT=O,0 A 221

THNTmTHNSP/CNV A 222
AZ=AZS/CNV A 223

IQaTIS A 224

360 XENCT=XIDO/CNV A 225

PRINT 1870, AZO A 226
KPAS~so A 226

JPASS1 A 228
A 229

RoAmAPoCF+RE A 230

?ETRA -ROM)/(RARO) A 231
AT4-gRARO)/TWO 232
VO8sQ0T(GM*(ONEET)/R0) A 233

GAMMOQO 0 A 234
GO TO 140 A 235

I70 XF WKPASS1I) 410,380,380 A 236

J00 DO 390 Ip1,3 . 237

XP(g)=XT(I) A 238
390 XDP( 'l)=DT(C) A 239
d0O KpASS80 A 240

PRINT 1880, Xp,xDp A 241
PUNCH 23 50, XPoXDp i 242

JPASSa iA 243

e0 TO 60 i 244

41,0 FI YTT A 245
DO 420 I=,3 i 246

LO(i( )a( X )) A 247
320 XDTLtO([)XDT(I5 A 248

PRINT 2320 A 249

CALL RKG (PHIO,AZO,XT#XDT,T;TF') A 250
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PAGE 29
PROGRAM TARG

CALL PRINT (TFXTXDT#AZoPHt;TULOD)
PRINT 1840
PRINT 1890, XT,XDT

TULOSaTULO
DO 430 I1.,3
XTS(I )=XT(I )
XDTS(I ),XDT(! )
XPS1(i )qXP(! )

430 XDPSli )ZXDP(!)
440 RRPuSORT(VDoT(XP,Xp))

VVPgSQRT (VDOT (XDP,XDP ))
Ap.GM*RRP/( GM2.VVP*VVP*RRP')
RRTu SORT (VDOT XT,XTI )
VVTaSORT( VDOT(XDT,XDT))
AT..GM*RRT/( GM2.VVT*VVT*RRT)
PDPA SORT( GOM/( AP*APAP))
PDTAlsSQRT (GM/( AT. AT, AT) )
DLPD1ePDPA1-PDTA1
DLMRI1DLPDI*P l.*SRT AP.*AP*AP/OM)
GAMAPARS I N VDOT(XP,XDP ) /RRPVVP))
HP.RRP*VVP*OS (GAMAP)
EP-SQRT(ONE-HP*HP/(GM*AP )
RPPmAP* ( ONEGEP)
RAP=AP* (ONE*EP)
VAPoSQRT(GM/AP)*SRT (ONEEP) / i ONE*EP) )
GAMATXARSI N( VDOT (XT, XDT )/(RRT*VVT) )
HTRRT*VVT*COS (GAMAT)
ETaSQRT(ONE-HT*HT/(GM*AT))
RATIA* (ONE*ET)
RPTaAT* (ONE-ET)
TAUP1sP 2SORT (Ap*AP*AP/GM)
T2=Tl*TAUPI/TWO
DRTuRAT"RPT
GAMAPO GAMAP*CNV
HAT= (RAToRE)/CF
PHDOTP'PDPA1*CNV
HPT( RPT',RE)/CF'
PHDOTTvPDTAI*CNV
HAP- (RAP-RE)/CF
DLPDIO.DLPDI*CNV
HPP= (RPP.RE)/CF
GAMATOwGAMAT*CNV
DLMRI ODLMR *CNV
PRINT 2110
PRINT 21209 RRPVVPoGAMAPOEP&'APoHAP:HPPD PHDOTP
PRINT 2130
PRINT 2140v, RRT,VVTGOAMATOG.ET'.; HATwHPT,PHDOTT
PRINT 2150
PRINT 2160o DLPDIO,DLMRIOT2

E-,7
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A 251
A 252
A 293
A 254

A 255
i 256
A 257
A 258
A 259

.A 260
.A 261
i 262
A 263
A 264
A 265
i 266
A 267
A 268
A 269
A 270
A 271
A 272
. 273
A 274
A 275
A 276

.A 277
A 278
A 279
A 260
A 281
A 282
A 283
A 284
A 285
A 286
A 287

A 209
A 290

,A 291
: 292
A 293
A 294
A 295
A 296
A 207
A 298
A 299
A 300
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PAGE 30PROGRAH TARG - -
RCPWRAP
VCPOSQRT (GM/RCp)
DUMHSQRT (RCP*RCP*RCP/GM)
TAUCPoP I2*DUM
PDOTCpO0NE/DUM
DLPD2PDOTCP-PDT At
DLMR2mSFNOl*DLPD2*TAUCP
DELV2 VCPwVAP
T3T2.*SFNO*bTAUCP
PDOTCO.PDOTCP*CNVSDLMR2O DLMR2. CNV
PRINT 2170
PRINT 2±80e RCPVCPDTAUCPIPDOTCODLPD2,DLMR20,DELV2,T3
1F (iLIGl1) 450,460,450

4o0 XNmZEAO
GO TO 470

400 XNOONE
47O CONTINUE

RPP3mRCP
RAP3=RPT-DLHD*DLHB
AP3 (RPP3*RAP3)/TWO
DUMHSQRT(AP3*AP3*AP3/GM)
¥TUP3mPI2*DUM
PDPA3QONE/DUM
DLPD3$pDPA3-PDTA1
DLMR3USFN02*DLPD3*TAUP3
T4mT3*SFN02*TAUP3
VPP 3 SQRT (GM2 *RAP3/(RPP3*c(RP3nRPp3)))
DELV3nVPP$VGCP
PRINT 2190
PDPA3O0PDPA3~CNVSDLPD30mDLPD3,CNV
DLMR3OcDLMR3eCNV
DLMR30 DLMR3* NV
PRNT 2200, TAUP3,PDPA30, DLPDO; DELV3, T4, DLMR30
C8RCULARIZATION AT CDH ALTITUDE
RAP3 DRAT-DLHD*DLH8
AP3p(RPP3*RAF3)/TWO
EP3 (RAP3RiPP3 /(RAP3RPP3)
RPPB:S PT-DLHD
RAP4xRAT-DLHD
AP4n(RPP4*RAP4 /TWO
E o(RFAP4*RPP4 )/(RAP4*RPP4)
P3QAP3*(ONE-EP3tEP 3 )
P4AP4e*(ONIEEP4*EP4)
Tt43ARCOS$ (P 3 -P4)/(EP3*P4wEP4*p3))
R4EP4/(ONE*EP4*COS(TH4))
V4aSQRT(( tM2AP3/R4IGM)/AP3)

AMA~4ARTAN (R4 *EP3*S! N (TH4),p3.ti)
VT4¥SiRT((GM2*AP4/R4-GN)/Ap4)
GAHM4sARTAN ¢R4*Ep4*S IN (TH4) ,P4, .1)
DELV 4$SQRT (VT4*VT4+V4*V4-TWO*VT4*V4*COS(GAMT4.-GAMA4))

E-8

A 30 
A 302
A 303
A 304
A 3no
A 306
A 307
A 308

A 3109
A 310
A 31I
A 3I2
A 313
A 314
A 3lB
A 316
A 317

318
A 319
A 320
A 321
A 322
Ai 323
A 324
A 325
A 326
A 32?

A 324
A 329
A 330

A 332
A 333
A 334
Ai 335
A 336
A 337

.A 338
A 339

.A 34Q

i 344
A 345A 344

A 346
A 347
i 348 

.A 349
A3 50
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T I D Y * PAGE 3P
PROGRAM TARG

TH40TH4*CNV A 351
GAMA40OGAMA4*CNV .. 352
GAMT4OuGAMT4*CNV 353
PRINT 2210 A 354
PRINT 2220, EP3, RPP4, RAP4, AP4, EP4, TH40, R4, V4, GAMA440, DEL 355

1V4 A 356
DUMaSORT (AP4*AP4*AP4/GM) A 357
TAUP4P I 2*DUM . 35
PDPA4=ONE/DUM A 359
PDPA40nPDPA4*CNV A 360
DPDCUxPDPA4-PDTA1 A 361
DPPIOaSLM*DELTH -A 362
DPHRPDPPHO/CNV A 363
PRINT 2230 -DPPHO A 364
DELVR=OO A 365
DLPMR4sDPDCU*TAUP4*. SFNO3*XN).DP.HR A 366
TTPI T4*TAUP4*(SFNO03XN)*DPIR/DPDCUU 367
DPDCUONDPDCU*CNV A 368
DVI T=DELV2*D *DE3*DELV4*DELVR A 369
DLMR4oQDLPMR4*CNV .A A370
DpMRTI DLMRI.DLMR2*DLMLDLMRDLR4 A 371
DMRTO DPMRTI*CNV A 372
P DP A40 OP DP A4*CNV A 373
DPDCU O-DPDCu*CNV A 374
PRINT 2240 A 375
PRINT 2250 A 376
PRINT 2260, TAUP4,PDPA40,DPDCUO0,DLMR40,TTPI,DMRTO,DVIT A 377
CALL RANGA (XP,XDP,XOMEGA,PHIPi' A 370
CALL RANGA (XT,XDT,XOMEGA, PH!Ti) A 379
I SOLAS.O . 380
ICORPO A 381
PHIPlOmPHIPI*CNV A 382
PHIT10PHITI*CNV A 383
PRINT 2270, PHIPlO,PHITiO A 384
IF (PHITI-PI) 480,490,490 A 3e5

480 PHIT1=PHIT1*PI2 A 306
DpAl:PHIT1L-PHIP1 387
Go TO 500 A 380

490 DPA1=PHIT1-PHIP1 A 3Q9
500 IF (DPA1-DPMRTI) 510,520,520 A. 390
510 DPAIaDPA1*PI2 A 3901

GO TO 530 A 392
520 DPAlrDPA1 A 393
530 DTlRSFNO3*TAUP4*TAUP1/TWO*TAUP3*SFNO2 A 394

DPHIaDLMRI+DLMR3*DPDCU*TAUP4*SFN03 A 395
DpAIODPAI*CNV A 396
PRINT 1910, DPAIO A 397
DpH2=DP AlDPHI-DP HR A 398
DT2=DPH2/DLPD2 A 399
TTEST=lT1*TAUPI/TwO-200. A 400

E-9
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T I! Y * PAaE 32
PROGRAM TARG

TTEST2mTl*TAUP1/TWO+DT2 A 401
TSBSTmT1i.DTi DT2 A 402PRINT 1920, SFNOIL,SFNO2,SFNO3 A 403PRINT 2320 A 404CALL PRINT (Tl, XT, XDT, AZ, PHiTULO) A 405CALL RKG (PHIO,AZO,XTpXDT,TI,TSO ST) A 406
PRINT 2320 i 407
CALL PRINT (TSBST,XT,XDT,AZ'PHfTULO) i 408
PRINT 2280 A 409DPHaOgDPHi*CNV A 410
DPH2QDPH2 *CNV A 411PR.NT 2290o DPHlO,DPH20ODT2',,TSBSTr DTTTTSTTT STTTEST2 i 412

F MLG-1t) 630,54063o0 A 413YUL OEHUT7LE LIFT-OFF TIME IN SECONDS UNIVERSAL TIME .i 414TY JNIUMBER OF DAYS PAST JAN.1 OF LAUNCH YEAR A 415
LAMDAL a LONGITUDE OF LAUNCH SITE A 416A1sBeC INPUT CONSTANTS A 417
OMEGA a EARTHSO ROTATION A 418

540 TOTSOST A 419550 DUMmPIOXLAMAL-OMEGA*TULO A 420
PHSVRDUR A 421
CALL MAROT {AAAoDUM#,2,1) i 422DUMnAieCOS(BI*CI*TY) A 423ALSVmDuM A 424CALL MAROT (¢BB,DUM,3,W1) A 425CALL nAMUL gCCC,BBBDAAA) A 426CALL MAROT gAAA,AZoPl/TWO.1, ±1 A 427
CALL MAROT ¢BBoPHIX3ql) A 428CALL MAMUL 9DDD,BBBAAA) A 429CALL MANUL fAAAoCCCODDD A9 430CALL FATT CBBB AAA) A 431
¥ENMP&ICIONE A 432TEPMP 2 9ZERO i 433TEMIPSl8)OZERO A 434CALL FATMU (TEMP2,BBB,TEMPI) A 435
JFLAGWO A 436

O6 CALL VQROSS (TEMP3,XTXDT) i 437SDVNAGQ(TEMP3 )/VDOT(XTpXT) A 438
CALL VUNIT (TEMP4,TEMP3) A 439CALL VCROSS (TEMPPTEMP4,TEMP2) A 440CALL VUNIT {TEMP5,TEMP5) A 441CALL VCROSS (TEMP2OTEMP5,TEMP4) A 442BSVPTUARTAN(VDOT(XTTEMP5),VDOTiXT,TEMP2), A 443

v WJLGHTGN -) 570t1450,570 .A 444570 9F (B(VPT-BSVD)-,00ti) 580,5866 610 A 44580 X~F (JFLAWQG ) 590o620,590 A 446590 CNECKo8SVPT*BSDaDT A 447XF tCHfCK-BSVD) 610,600,600 A 448600 JFL/Ati A 449
D o SvD8BSVPT) /BSD A 450

ErlO
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* T I D Y * PAGE 3
PROGRAM TARG

610 T2=T+DT A 451
CALL RK (PHIO, AZO, XT, XDT,T, rT2) A 452
T=T2 A 453
GO TO 560 A 454

620 PRINT 2320 a 455
CALL PRINT (T2,XT,XDT,AZ,PHi'.TULO) A 456
PRINT 2300 A 497
PHSVO;PHSV*CNV a 4)0
ALSVO=ALSV*CNV A 459
BSVPTO=BSVPT*CNV A 460
AOxA1 *CNVB$8Oa *CNVCO=Cj *CNV A 4
XLAMDOoXLAMAL*CNV A 462
PRINT 2310, AO,BO,:CO,TY'XLAMDO',PHSVOALSVOBSVPTO A 463
TUTP=T A 464
DT3=T-TSBST .A 460
DPHluDPHl+DPDCU*DT3 A 466
DPH 2aD PA1PHI-DPHR A 467
DT2=DPH2/DLPO2 A 468
TTEST2uTI+TAUPI*DT2 A 469
GO TO 640 A 470

630 TUTP=TSBST A 471
640 DO 650 I=1,3 A 472

XT(I)UXTSI(l) A 473
650 XDT(I): XDTSi(I) A 474

CALL RKG (PHIO,AZOXT'XDTTs'iTjESTI) 47
CALL RKG (PHIOaAZO,XPoXDPiTl,TESTi) A 476
PRINT 2320 i 477
CALL PRINT (TTESTI,XT,-XDTAZ;PHi,TULO) A 478
PRINT 2330 A 479
CALL PRINT (TTESTI,XPXDPAZ;PHI,TULO) A 480
TaTTESTI . 401

660 CALL ECCV (GM,XP,XDP,TEMP3) A 462
CALL TRUE (XPxnP,TEMP3,PTA) A 403
EP=VMAG ( TEMP3) A 484
RPM=VMAG(Xp) Ai 4A
Ap=RPM*GM/(G M2.VDOT( XDP, XDP *RPM) A 4
CALL TIME (APsEPPTA,PI,GM,PI,'TGP2) 467
I F TOP230 . ) 670,670,680 A 488

670 DT12=ONE A 49
IF (TGP2-TWO) 690,690,680 i 490

680 T12=T*DT12 ', 49:1
CALL RKG (PHIO,AZO,XT*XDTJ'TT12) A 492
CALL RKG (PHIO,AZO,XP,XDP,T,Ti2) A 493
T=T:-2 A 494
GO TO 660 A 495

690 RAPeVMAG(XP) i 496
PRINT 2320 A 497
CALL PRINT (Tl2,XT,XDT,AZtPHI';,ULO) i 498
PRINT 2330 A 499
CALL PRINT (TT2,XP,XDP AZ,pHi4tULO) 500
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T 0 D Y - PAUE 34
PROGRAM TARG

PT (T A 501

VC=sL RTL (M/RAp ) A 502
CALL vCRO2S (TEMPI,XDPXP) A 503
CALL VCROSS (TEMP2,XP,TEMP1) A 504
CALL yUNIT (TEMP E,TEMP2) j 505
Do 700 I$193 A 506

700 P3TEMP3i)VC*TEMP2U() A 507
DO 710 I12,3 A 508

YiO ¥mP1j) ITEMP3( ! )-.XP(I) A 509
¥~&UVMAG(7MP1) A 510

IN T 1990 A 511
P NT 2000 A 512
PaXNT 2330 A 513
CALL PRINT (TSTI,XPXDPAZ,PHiTULO) i 914
CALL VCROSS (AMXPTEMP3) i 514
CALL ECCV 1GMXaP,TEMP3,EV) i 516
PUNT 2010o AM(1),AM(2)AM(3),EV(I),EV(2)oEV(3),TEMPI(1),TEMPI(2), A 517

jjENPI O3) A 518

DO 720 Is 3 .i 519
720 oXDP(I9TEMP3a() i 520

WDO ?30 XIj3 i 521
~X~p$g XpP( Wi A922
xDPs( );XDPI ) A 523
X¥TSM(X)T()1 i 524

730 XD Sg9) TXB(l A) 525
740 CALL RG (PHIOeAZo,XT,XDTTSTiTtTEsT2) . A 526

CALL RNG PHOB AZO,XP,XDPTSTi,TTEST2) i 527

PRN¥ MO A 528
CALL PpYNT ¢YESTa2,XP,XDP AZaPH!',TuLO) i 529
PagU 8NT 32 i 530
CALL PUXNY gTTEST2,XTvXDT AZ,PWi,TULO) A 531
TYEST2 i 532

GALL EGCV (QMoXTXDT, TEMP3) 533
RMnVAU(X7 A 534
Qs YM<;GM GI2-VDOT( XDTO XDT1*RTM9 A 535
ETyVMA TEMIg3) i 536
RP PVMAA( P9 :A 537
RAYDsA'TI(ONET ET DLHD A 538
RPTDoATi(0EoET)9DLHD Ai 39
ET0D(RAYD PRPTD )/(RATDRPTD) A 540
DO 75 0 XQDS3 A 541

?J O EMPX)gXP() g 542

RRPPVMAXPg A 543
CTYAPAVDOg TEMP3, TEMP2)/(ET*RPP) i 544
RAPTWHORAYTD oRPTD/( (RATD, RPTD)+RATDoRPTD)*CTTAPA)DLHB i 545
EPQ(RAPRPP / OgRAP4RPP) A 546
VPP DRY( Mg /RPP)2b (ONE+EP)) A 547
PRONY 2330 A 548
CALL PRINT T7EST2,XPXDPAZ PH i .TULO) i 549
PR NT 1930 i 550
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T I D Y * PE 
PROGRAM TARG

CALL VCROSS (TEMPIXDPXP) A 55[
CALL VCROSS (TEMP3rXP,TEMPI) A 2
CALL VUNIT (TEMP3,TEMP3) A 553
Do 760 IX1,3 54

760 TEMP2t):VpP*TEMP3(I) A 5s3
D0 770 1.,3 A =[6

770 TEMP1 I )TEMP2( I )-XDP(I) A 557
VG2=vMAG(TEmP1) A 55
IF ¢ISOLASoI) 790,780,780 A 599

780 PRINT 2020 A BO
PRINT 2000 A o&Q
PRINT 2330 A 5Q2
CALL PRINT (TTEST2,XP,XDP, AZ;PH,TULO) A 963
CALL VCROSS (AM, XP,TEMP2) A 564
CALL ECCV (GM,XP, TEMP3,EV) A 565
PRINT 2010, AM(I),AM(2),AM(3),EV(1),EV(2),EV(3),TEMP(1) ,TEMPI(2), A 566

1TEMPli3) A 567
790 CONTINUE i569

DO 806 Is1,3 A 69
800 XDP ( )TEMP2( I A 570

PRINT 1940 A 571
PRINT 2330 A 372
CALL PRINT (TTEST2,XPXDP,AZPHt,TLO) 573
AP=(RPP*RAP)/TWO A 574
TAUP2aPI2*SORT(AP*AP*AP/GM) A 575
TTEST3T+( TAUP2*SPN02)-250, A 576
JPAS=O A 577
KPAS=O A 578
CALL RKG (PHIO,AZO,XTXDTTTESt2TTEST3) A 579
CALL RKG (PHIO,AZO,XP,XDP,TTES32,TE$T 3) A 500
PRINT 2320 A 581
CALL PRINT (TTEST3,XT,XDTAZPHi,TULO) i 912
PRINT 2330 A 583
CALL pRINT (TTEST3,XPXDPAZ',PHtiTULO) A 564
DT22=5, 0 A 59
.T=TTEST 33

810 CALL ECCV (GQM.P,xDPTEMP1) A 567
EpavMAG(TEMP1) .A ee8
CALL ECCV (GM.xT.XDT.TE MP4 ) A 58e
ETVHMAG(TEMP4) .A 90
RMT.=VMAG(Xp) i 591
APuRMT*GM/( GM2-VDOT( XDP, XDP)*RMT) A 592
RAP=AP*(ONE*EP) A 593
PP=AP (ONE-EP*EP) A 594
DRTEST=RAP-VMAG(XT)*DLHD-o00. A 595
CALL TRUE (XP,XDP,TEMP1'PTA) A 596
IF (ET-TOLE) 820,940,940 A 597

820 IF (DRTEST) 830o830,900 Ai 98
830 IF (PTA-PI) 840,870,870 A 599
840 CALL TIME (APEPPTAP1oGMPITG3) A600
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PACE 36
PROGRAM TARG

PRINT 1720, TG3
IF (TG3-10,) 860 ,850,850

850 T8uT+DPT22
CALL RKG (PHIOAZO,XP,XDPT',T18)
CALL RKG (PHIO.AZO,XT,XDTT,T18)
TaT18
IF (WPAS-1) 810,870,810

0g0 DT22=TG 3

JpASl=
GO TO 850

870 RCPQVMAG(XP)
PRINT 1730
VCPSQRT (GM/RCP)
CALL VCROSS (TEMPlXDPIXP)
CALL VCROSS (TEMP4,XPaTEMPI)
CALL VUNIT tTEMP4,TEMP4)
Do 880 Im1,3

880 TEMP2il)mVCP*TEMP4(I)
DO 890 =1I,3

890 TEMP3{ )wTEMP2(1).XDP(1)
VG3aVMAG(TEMP3)
GO TO TO 1140

900 RS=VMAG(XT)-DLHD
PTASIo-ARCOS( (PP-RS)/(EP*RS ))P12
PRINT 1900
CALL ECCV (GMXP5XDP,TEMP1)
CALL TRUE tXPXDP TEMP1,PTA)
PWTSTPTASI -PTA
XF ¢PHTST) 870,9i0,910

910 CALL TIME (AP,EPPPAPTASIGM~PtTG3)
PRINT 1740, TG3
XW tTG3=10,) 930,920,920

920 T8WT4,DT22
CALL RKG (PHIOAZO,XTsXDT ,TT8)
CALL RKG (PHIO,AZOXPXDP,T,TiS)
T~T78.
IgF CPAS1) 810,870oa10

~90 DY22mtG3
KPAS=i
GU TO 920

940 RMTYVMAG(XT)
ATRMT*GM/(GM2-VDOT lXDT *XDT )*RMT)
RATDQAT*(ONF*ET }-DLHD
RPTDAT*(ONE-ET )-DLHD '
AjDm( ATDR RPTD)/TWO
ET2D(RATD-RPTD)9/RATD*RPTD)
PDcAtD*( ONEEyTD*eETD)
DO 950 Is1e3

C7APA VDOT( .TEMP20 TEMP4)/( ET*ER)

E-14
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PAGE 3S
PROGRAM TARG

RTDaPTD/( ONE.ETD*CTAPA)
DRTEST=RAP-RTD.100 .
IPASS IO
IF (DRTEST) 1020,960,960

960 CALL VCROSS (TEMP2,XPXDP)
CALL VCROSS (TEMP3,TEMP2,XOMEGA)
CALL VCROSS (TEMP5,TEMP3,TEMp2')
SINaP0VDOT(TTEMPITEMPP)/()EP*VMAG(TeMP5)
COSAPeVDOT(TEMPITEMP3)/(EP*vMAG(TEMP

3 ))
ALFAP.ARTAN(SINAP,COSAPlj)
CALL VCROSS (TEMP2,XTeXDT)
CALL VCROSS (TEMP3,TEMP2,XOMEGA')
CALL VCROSS (TEMP5,TEMP3,TEMP2)
S!NATeVDOT(TEMP4D TEMPS)/(ET*VMA(TEMPS))
COSATvVDOT(TEMP4,TEMP3)/(ET*VMAG( TEMP3))
ALFATdARTAN(SINAT.COSATDl)
DEL ALALFAT-ALF AP
D=ETD*pP*COS(DELAL ) -PTD*EP
Ea.ETD*PP*SIN(DELAL)
F:PTD-pp
Amo_¢E*E*D*D)
B=TWO*P*E
C=D*D.F*F
RAD= (B*.4, *A*C)
STI:(.BSSQ RT(RAD) )/(TWO*A)
ST Il(-B.+SQRT(RAD) )/(TWO*A)
IF (STI) 970,970,980

970 PTASI=-PI-ARSIN(STI)
GO TO 990

980 PTASI2a-PIARSIN(STI )
990 CALL TIME (APEP,PTA#PTASI,GM'PtTG3)

IF (TG3S10.) 1000,1000,10O
1000 DT22-TG3

IPASS 11
1010 T18T*.DT22

CALL RKG (PHIO,AZO,XPXDP,TDTi8)
CALL RKG (PHIO,AZO,XTXDTT.T,'T 8 *)
TOT18
IF (IPASSI-w) 810,1040,810

1020 IF (PTA-PI) 1030,1030a1040.
1030 PTASI:PI

GO TO 990
1040 RPMcVMAG(XP)

PRINT 2320
CALL PRINT (Ti8,XT,XDTAZ,PHITULO)
PRINT 2330
CALL PRINT fT18,XP, XDP AZpHI iTULO)
CALL ECCV (GMe,XTXDT'eTEMP)9
RTM=VMAG(XT)
ATaRTM*GM/(GM2.,VDOT(XDT'XDT')*,TIM.)

E-15S
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T I D Y * PAGE 38
PROGRAM TARG

ET=VMAG(TEMP1) A 701
RATAT*( ONE.ET) A 702
RPT=AT*(ONE.ET) A 703
CALL VCROSS (TEMP2,XDP,XP) A 704
CALL VCROSS (TEMP3,TEMP, TEMP2) A 705
CTTAPP=VDOT(TEMPI, XP)/(RPM*ET') A 706
STTAPPuVDOTCTEMP3,XP)/(VMAG(TEMP3)*RPM) A 707
PaAT* (ONE-Et*ET) A 708
RRTePTt/(ONEET*CTTAPP) A 70D
DELRIaRRT-RPM A 710
BoRPM-RAT-RPT A 711
IF (DELRi) 1050,1050,1060 A 712

050 BmwB A 713
l060 CGRAT*RPT*RPM/TWO*(CTTAPP*¢RPt=RAT)w(RAT4RPT)) i 714

DLHUABS((tB1SQRT(B*B-4,*C) )/TWO) A 715
DLH2=ABS((-B-SQRT(B.B4.1 *C))/TWO) A 716
DELRABS (DELRi) A 717
DRTl=ABS(DELR-DLHi) A 718
DRT2=ABS(DELR-DLH2) A 719
IF (DRTlWDRT2) 107041070,1080 A 720

1070 DLHDP=DLHI A 721
GO TO 1090 A 722

a080 DLHDP=DLH2 A 723
1090 XF (DELRI) 1100,1100,1110 A 724
%100 DLHDPm-DLHDP A 725
%110 RPP=RPTwDLHDP A 726

RAP-RATDLHDP A 727
Epz (gAP-RPP )/RAP*RPP) A 726
AP (RAPoRPP)/TWO A 729
PP APo(ONEEPEoEP) i 730
VP=SQPT(GM/PP)*SQRT(ONE.EP*EP.TWO*EP*CTTAPP) A 731
GAMMPIARTAN(EP*STTAPPONE*EP*CTTAPP,-1) A 732
CALL VCROSS (TEMPI,XDP,XP) A 733
CALL VCROSS (TEMP2,XPTEMPI) A 734
CALL VUNIT (TEMP3,TEMP2) A 735
CALL VUNIT (TEMP1,XP) A 736
DO 1o20 108±3 A 737

112-0 TEMP2(I) VP*COS(GAMMP)*TEMp3(i'*vP*SIN(GAMMP)*TEMPI(I) A 738
DO 1130 1=lo3 A 739

%&%0 ?EmPl%()mTEMP2(1)-XDP([) A 740
VQ3mVMAG(TEMP1) A 741

%4~0 IF CISOLAS-1) 160p1j50f 1150 i 742
%150 PRINT 2030 A 743

PRNT 2000 A 744
PRINT 2330 A 745
CALL PRINT (TISXPXDPAZ,PHITULO) A 746
CALL VCROSS (AM,XP,TEMP2) A 747
CALL ECCV (GQMXPoTEMP2,EV) . 748
PRNT 2010e AM(l)oAM(2 ),AM(3),EV(i),EV(2)eEV(3),TEMPI(I),TEMPI(2), A 749

1IEMP(3) Ai 750
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* I D r Y PAGE 39
PROGRAM TARG

1160 CONTINUE .A 751
DO 1170 1=1,3 A 752

1170 XDP(I)aTEMP2(I) A 753
I COR'i COR+1 .A 754
T=T18 A 759
PRINT 2040 A 756
PRINT 2320 A 757
CALL PR INT (T18,XTXDTAZpHI'iiU'LO) A 50PRINT. 2330 759
CALL PRINT (T18,XP,xDPAz, PH'ituLO) A 760
CALL RKG (PHIO, AZO,xTxDTTr TUTP) A 761
CALL RKG (PHIO, AZO, XP, XDP, T TUTP) A 762
PRINT 2050 A 763
PRINT 2320 A 764
CALL PRINT (TUTP,XT, XDT;,AZ',PHi' TULO) .A 765
PRINT 2330 .A 766
CALL PRINT (TUTP,XPXDP,AZ,PH',tTULO) A 767
IF..(Tr8, TUTP+SSFNO3*TAUP4.1000 ') 1200,1200,1180 A 768

1180 SFNO3=SFN03,.5 A 769
DO 1190 I"1,3 A 770
XT(I)auXTS±(I) A 771
XDT() I XDTS( I) A 772
XP(I).XPS1 () A 773

1190 XDP(I).mXDPSt(I) A 774
PRINT 1950 A 775
TULO=TULOS A 776
DT=;DTS A 777GO TO 440 A 778

1200 CALL VyROSS (TEMPI-,XP,XDP) A 779
CALL VCROSS (TEMP2,XTXDT) A 780
CALL VCROSS (TEMP5,TEMPl,TEMP2} A 781
WATP ARCOS(VDOT(TEM P ,TE M P2 )/VM AOTE MPi)VM AG(TEmR2))) A 782
CALL RANGA (XP,XDP,XOMEGAPHIp,) 783
CALL RANGA (XTXDT,XoMEGA,pHi T) . 784
CALL vGROSS (TEMPi,XT,TEMP5) A 785CALL VCROSS (TEMP2,TEMPS,TEMPi) A 786
S INPNTVDOT(TEHp2',XT)/(LVMAG(TEMp2)*VMAG(XT)) A 787COsPNT.VDOT(TEMPS,xT)/(VMAGiTEMP5)*VMAG(XT)) A 788
PHINT ARTAN(S I NPNT,COSPNT 1) A 79
CALL VCROSS (TEMP1,XP,TEMPS) A 790
CALL VCROSS (TEMP2,TEMP5,TEMP) i 7:91
SINPNPUVDOT( TEMP2, XP)/(VMAG(TEMP2)*VMAGiXP)) A 792
COSPNPVTVD(TEMP5, XP)/(VMAG(TEMP5)*VMAGtXP)) A 793
PHINPaARTAN(SINPNP, COSPNP, 1 A 794
TEMP1 .1) zCOS(PH I) i 795
TEMP1 2) SIN(PHI )*.SIN(AZ) .A 796
TEMP1(3 )-S N (PHI)*COS(AZ A 797
CALL VCROSS (TEMP2,XTPXDT) i 798
CALL VCROSS (TEMP3,TEMP2,XONEGA) A 799
-THNTARCOS(VDOT(TEMPITEMP3')/VMAG(TEMPL;)*VMAG(TEMP3))) A 80B
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T I D y * PAGE 40
PROGRAM TARG

CALL VCROSS (TEMP2,XP,XDP) A 801
CALL VCROSS (TEMP3,TEMP2,XOMEGA) A 802
THNP=ARCOS(VDOTCTEMPITEMP3)/iVMAG(TEMPI)*VMAG(TEMP3))) A 803
DTHE.THNT-THNP A 804
DTHEO=DTHE*CNV A 805PRINT 2060, DTHEO A 806
IF (WATP-WATOL) 1320,1210,1210 A 807t210 IF (PHINT-PI) 1220,1220,1270 A 808

1220 IF (PHINP-PI) 1240,1240,1230 A 809
1230 DELPH=PHINT-PHINP A 810

GO TO 1420 A 811
1240 DELPHUPHINT-PHINP A 812

IF (ABS(DELpH).pI) 1260,1260.i250 A 813
1250 PHINPaPHINP*PI2 A 814

DELPH=pHINT-PHINP A 815
GO TO 1420 A 816

1260 DELPHuPHINT-PHINP A 817
GO TO 1420 A 818

1270 IF (PHINP.PI) 1290,1290,1'280 A 819
1280 DELPH.PHINT.PHINP A 820

GO TO 1420 A 821
1290 DELPH.PHINT-PHINP A 822

IF (ABS(DELPH)-pI) 1300,1300,i310 A 823
1300 DELPHoPHINT-PHINP A 824

GO TO 1420 A 825
1310 PHINTaPHINTePI2 ,A 826

DELPHRPHINT-PHINP A 827
Go TO 1420 A 828

1320 IF (PHIToPI) 1330,1330,1370 A 829
$330 DELPHoPHIT-PHIP A 830

IF (PHIPePI) 1420,1420,1340 A 831
1340 XF (ABS(DELPH)-PI) 1350,1360 -i360 A 832
1350 DELPH:PHIT-PHIP A 833

GO TO 1420 A 834
1360 PHXITPHIT+PI2 A 835

DELPHPHI T-PHIP i 836
0O TO 1420 A 837

1370 IF (PHIP-PI) 1380,1380,1410 A 838
1380 DELPH=PHIT-PHIP A 839

IF CABS(DELPH )PI) 1390,140000400 A 840
1390 DELPHPHITPH I P A 841

GC TO 1420 A 842
1600 PNXPopHIP'pI2 A 843

DELPHmPHIT-PHIp A 844
GO TO 1420 A 845

%410 DELPHopHIT-PHIp A 846
6420 DELPHOnDELPH*CNv A 847

WATPOnWATP*CNV A 848
PHXPO=PHIP*CNV A 849
PHNTO=PHIT*CNv A 85O
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TIDY.
PROGRAM TARG

PHINTO=PHINT*CNV
PHINPOaPHINP*CNV
PRINT 1970, WATPO,'PHIPO'.PHITO',PHINTOPHiNPO
PRINT 2070, DELPHO
IF (ILIG-1) 1460,1430,1460

1430 IF (ISOLAS-l) 1460,1440.1460
1440 JLIGHTn1

GO TO 550
1450 BSVPAOUBSVPT*CNV

PRINT 1960, BSVPAO
Go TO 1650

1460 CONTINUE
PRINT 2080, ICOR
IF (ICOR-2) 1470,1530o1$60

1470 IF (APS(DTHE)-.o2/CNV) 1530.1480,1480
1480 DLTLOoDTHE/OMEGA

TULOsTULO*DLTLO
TwTSTI
PRINT 1980, DLTLO
TUTPUTUTP-DLTLO
DO 1490 1f1,3
XTRl( )XTS(I)
XT(I )"XTS(I )

1490 XDT(I)=XDTS(I)
DpHEEFDELPH.DPHR
TDTLOuT*DLTLo .
CALL RKG (PHIO,AZO,XTrXDT',TSTi lTDTLO)
PRINT 2320
CALL PRINT (TDTLO,XTXDT,AZPHI',TULO)
DO 1500 1=1,3

1500 XTR2(I)uXT(I)
DLPLOCsARCOS( VDOT( XTRI, XTR2) /iVMAG( XTR1)*VMAG(XTR2 ) )
DLPLOC-(DLTLO/ABS(DLTLO) )DLPLOC
DLTTl(DLPLOC- (DLPLLOP C*DPDCU)/DLPD2)-DLTLODPDCU)/DLPD2
DLTT2eDPHEE/(DLPD2-DPDCU)
DLTTT2=DLTTI+DLTT2
TTEST2=TTEST2*DLTTT2

1510 CALL RANGA (XT,XDT,XOMEGA,PWHTT)
CALL VCROSS (TEMPI,XTXDT)
CALL VCROSS (TEMP2,TEMPI,XOMEGA'
CALL VUNIT (TEMP4,TEMPI)
DUMNaVDOT(XOMEGA,TEMP4)
DUMpDUM leDUM1
X!NT=ARTAN(SQRT(ONEUDUM),DUMj.,)
TEMPl!1)COS(PHI)
TEMPl(2)SIN(PHI)*SIN(AZ) -
TEMP[13)s-SIN(PHI )*COS(AZ)
THTNToARCOS(VDOT(TEMPtTEMP2)/i VMAG(TEMP2)))
THTNEw THTNTDTYHE
CALL MAROT (AAAAZoP!/2,*1.1)

PAGE 41
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$TID y* PAGE 42
PROGRAM TARG

CALL MAROT (BBB,PHI,3l) A 901
CALL MAMUL {CCC,BBBjAAA) A 902
CALL MAROT (AAA,THTNE,2a-1) A 903
CALL MAROT (BBB,XINTlri) A 904
CALL MAMUL (DDDBBBPAAA) A 905
CALL MAMUL (AAA,DDDCCC) A 906
CALL MAROT (BBBPHITT,2,1) A 907
CALL MAMUL (CCC,BBBAAA) A 908
CALL FATT (DDD,CCC) A s90
RRTPVMAG(XT) A 910
VVT;VMAG( XT) A 911
GAMMAARSIN(VDOT( XT XDT)/(RRTVVT)) A 912
TEMP1i1)mRRT 9Rt
TEMPi(2)=ZERO A 914
TEMP1 (3)ZERO A 915
CALL FATMU (XTDDD,TEMPI) A 916
TEMPl1()aVVT*SIN(GAMMA) A 917
TEMP 2) ZERO A 918
TEMP1t3)1VVT*COS(GAMMA) A 919
CALL FATMU (XDT,DDDTEMP1) A 920
TsTST I A 921
DO 1520 Ilmlm3. A 922
XDP( )=XDPS( I) A 923
XTS( =XT(I) A 924
XDTS( )=XDT( I) A 925

1520 XP(l)=XPS(I) A 926
TU°TYT7ULO A 927
XF (JINS) 1670,740,1670 A 926

1530 DPHEEnDELPHoDPHR A 929
F (tABSDPHEE)-.059/CNV) 1580.1580,1540 A 930

1540 pTTY2sDPHEE/(DLPD2oDPDC U) A 931
TTSTi .A 932
DO 1550 xI=,3 A 933
XP(i)aXPsg(I A 934
XDP I)XDPS (I) A 935
Xy(I)=XTS(I) A 936

1550 XDT(I )8XDTS(I) A 937
TUmTST IbTULO A 938
TTEST20TTEST2*DTTT2 A 939
GO TO 740 940

%560 DPNEE=DELPH.DPHR A 941
XF (ABS(DPHEE)..05/CNV) 1570,570,1540 .A 942

1570 9F (ABS(DTHE)- 0 2/CCNV) 158°01610,1610 A 943
1580 PRINT 2090 A 944

IF CISOLAS-i) 1590,i650,1650 A 945
1990 XSOLASni A 946

DTULOT= TULO-TULOS 947
PRINT 1980, DTULOT A 948
¥=TSTi a 949
Do 1600 I1o3 A 950
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T IDY* PAGE 49
PROGRAM TARG

XP( I )XPS(I)
XDP( I )XDPS( I)
XT( I )XTS( I)

1600 XDT(fl)IXDTS(I)
GO T0 740

1610 DLTLO0DTHE/OMEGA
DO 1620 I51,3
XTR( I )XTS(I)
XT(I)oXTS(I)

1620 XDTfI)lXDTS(1)
TULO=TULO*DLTLO
T=TSTj
PRINT 1980, DLTLO
TUTPxTUTP-DLTLO
Do 1630 I51,3
XTR1(I)cXTS(I)
XT(I).XTS(I)

1630 XDT(I)nXDTS(I)
TrFTST*IDLTLO
CALL RKG (PHIO,AZO,XT?,XDT TST'iTF)
PRINT 2320
CALL PRINT tTF,XT,xDTAZ:,PHiDTULO)
DO 1640 11,3

1640 XTR2( )=XT(i)
DLPLOC.ARCOS( VDOT( XTRI, XTR2)/i VMAG( XTR1)*VMAG(XTR2)))
DLPLOC(DLTLO/ABS(,DLTLO) )*DLPLOC
DLTTlo(DLPLOC ((DLPLOC*DPDCU)/DLPD2)-DLTLO*DPDCU)/DLPD2
TTEST2xTTEST2.DLTT1
GO TO TO 1510

1650 TIMLAU.TULOS+DTULOT
TIMINuTULOS*DTULOT*T1
CALL RKG (PHIO,AZO,XTLOXDTLOi+ULOSTIMLAU)
DO 1660 I1,3
XT(¢)mXTLO(I)

1660 XDT(IU)XDTLO()1
JINSu.
KINS9O
DtHEPOMEGA*DTULOT
GO TO 1510

1670 IF (KINS) 1680,1690,1680
1680 PRINT 2340

PUNCH 2350, XT,XDT
PUNCH 2350; XT,XDT
PUNCH 2100; XToXDT
CALL PRINT (T,°XTXDTAZ,PHtiTULOS+DTULOT)
GO TO 1710

1690 CALL RKG (PHIO,AZOXTSIJXDTSI'iTULOS*TI4TIMIN)
K I-Mg a I

Er21
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PROGRAM TARG

PRINT 2370 A100 1
PRINT 2360, XTXDT .A1i002
CALL PRINT (0.0,XT,XDT,AZ*PHiTMLAU) A1003
DO 1700 1.1,3 A1004
XT( I)SXTS( I) A1005

70Q0 XDT(j),XDTSI(I) A1006
Go TO 1510 A1007

7?10 PRINT 2380, TIMLAU AilO0

1720 FORMAT (1E16,8//) Al10~
0730 FORMAT (32H CIRCULARIZE W/O C 0 H EQUATIONS//) A101s
1740 FORMAT (1E16,8//) .Al1Q
%750 FORMAT (212) Al03

~760 FORMAT (5E15.8/2E15,.8) A101
4770 FORMAT (17H NORTHERLY LAUNCH//' A01i
780 FORMAT (17H SOUTHERLY LAUNCH//), A1016

1790 FORMAT (7H TIMEE15.8,7H ATEi5,,87H ETE15,8,7H XENCTOE15. A1017
1 8/7H THNTOE15.8,7H ALFATOE15.$,7H PHIIOEjeDS//) A1018

[800 FORMAT (49H ORBITAL ELEMENTS OF SPACE STATION IN-PLANE POINT/) A1019
,810 FORMAT (35H FIRST GUESS ON THE LAUNCH AZIMUTH=EES.6//) A1020

~820 FORMAT (38H INSTANTANEIOUS LAT!TUDE OF INSERTIONXEi5.8///) A1021
1830 FORMAT (32H DESIRED LATITUDE FOR INSERTiON=E15,8///) A1022

0401 FORMAT (21H THIS IS THE SOLUTtON) .iO212
1850 FORMAT (52H DESIRED VALUE OF INCLINATION FOR TARGETING PURPOSE=EI9 A1024

1,8//) A10 2
~860 FORMAT (6 1 H INSERTION CONDITIONS DETERMINED FROM STEADY STATE TRAJ Ai026

JECTORY//) Aiw27
170 FORMAT (46H ACTUAL LAUNCH AZIMUTH FROM ORBITER INSERTION=EI5o8//) A1029

BQ60 FORMAT (40H STATE VARIABLES OF ORBITER AT INSERTION/7H XPEi5,8 A1029
Ij7H yPE15,8,7w ZpEI.B/7H XDpE15,8,7w yDpEi15,8,7H A1030
2 zDPE15,8//) A103M

090 FORMAT (59H STATE VECTOR OF SPACE STATION AT TIME OF ORBITER INsER A1032
?1UON/7H XTE15,8T7H YTE5.8,7H ZTE15.8/ 7H xDTE19.8,7 A1033

2H yDTE15,8,7H zDTE15.86///l Ai103
gV00 FORMAT (39H INTERSECTION ASSUMMING CIRCULAR ORBIT=Ei5.8///) A1035

9t10 FORMAT (18H PHASE ANGLE DPAIEiS5,8/) A1036
0A20 FORMAT (3E16,8//) A1037
M90 FORMAT (35H BEFORE PERIGEE BURN AT TIME TTEST2///) A1038

$960 FORMAT (35H AFTER PERIGEE BURN AT TIME TTEST2///) A103B
1:950 FORMAT (72HiSFN03 HAS BEEN BUMPED BY .5 BECAUSE THE TIME OF TPI OC A1040

iCURRED BEFORE CDH///) A1048
8960 FORMAT (33H THE SOLAR VECTOR ANGLE ACHIEVEDEI15.8//) A1042
A970 FORMAT (7H WATPOE1,8,7H PHiPOE15,8#7H PHITOEl5,8,7H PHINTOE15. A1043

1,97H PHINPE15,8//) i1044
8900 FORMAT (50H THE LAUNCH TIME SHOULD BE ADJUSTED BY DELTA TULO=E15.8 A1045

8990 FORMAT (62HMTARGETING VALUES FOR THE COV 100 NM CIRCULARZATION AT A1047
t APOGEE//) A1048

2000 FORMAT (29H POSITION VECTOR FOR IGNITION//) A1049
2010 FORMAT (37H TARGETING VALUES FOR DESIRED ELLIPSE/24H ANGULAR MOMEN A1080
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T I D Y . PAGE 49
PROGRAM TARG

ITUM VECTOR/7H AM(1)E15,8.7H AM(2)E15,8,t H AM(3)615.8/20H ECCENT A1091
2RICITY VECTOR/7H EV(1)E15.8',?H EV(2)EI,56,7H EV(3)E15,8/29W VEL. A1052
30CITY TO BE GAINED VECTOR/7H VG(O)E15,6t7H VG(2)E15.8,7H VG.(3)E A1053

415,8//) A1054
2020 FORMAT (4 2 HiTARGETING VALUES POR THE COV PERIGEE BURN//) imf,0
2030 FORMAT (4 6 H1 TARGETING VALUES FOR THE CDH MANUVER FOR COV/) A1096
2040 FORMAT (26HiCDH HAS BEEN ACCOMpLISHED////) A10i 7
2050 FORMAT (23 HIUNIVERSAL TIME FOA tpl////) A10g0
2060 FORMAT (6H DTHEoEIS,8///) A10~9
2070 FORMAT (7H DELpHOE15,8//W) A100
2080 FORMAT (32HIBEGIN NEXT ISOLATfiN LOOP ICOR:lI12) Al0e]
2090 FORMAt (21HITHIS IS THE SOLUTION///) A1062
2100 FORMAT (6E13,8) i1063
2110 FORMAT (42H PAPAMETERS FOR 9OxI00 N,M, PHASING ORBIT// ) .A1064
2120 FORMAT (7H RRPE15,8, 7H VVPEi.5, 8, 7 GAMMAPEIS 8,TH EPE15, A1065

j8/7H APE158, 7H HAPE$5,8,7H HPPEI5,8, H PHDOTPE1,. 8//) A1066
2130 FORMAT (32H PARAMETERS FOR THE TARGET ORBIT///) A1067
2140 FORMAT (7H RRTE15.8,7H VVTEI5,8,7 W GAMATOE15,8, TH ETE15, A1068

18/7H ATE15.8,7H HATE15,8'7H HPTE5,8,7?H PHDOTTE,5.8//) A1069
2150 FORMAT (74H CATCH UP RATE AND ANGLE FOR THE HALF ORBIT OFf THE 50X1 .A1070

100 NM PHASING ORBIT///) A1071
2160 FORMAT (23H ORBITAL CATCH UP RAiEeEIS5.8//19H ANGLE OF CATCH UPEElS A1072

i,8//3?H TIME AT APOGEE OF 50XiQO ORBITEliS,8) AlO73
2t70 FORMAT (51H FIRST MANUVER TO CIRCULARIZE 80X100 AT ITS APOGEE//) O1074
2180 FORMAT (7H RCPE15,8,7H VCrE95,B.7H TAUCPE15,8,7H PDOTCOE15, A1075

1 8/7H DLPD2E15,8,?H DLMR2OEjI584.H DELV2E15s,68?H T3EI5,8///) A1076
2190 FORMAT (66H SECOND BURN TRANSPER OUT OF 100 NM CIRCULAR TOWARDS Ai077

1 COELLIPTIC///) ;Al078
2200 FORMAT (16H ORBITAL PERIODEI15,B/19H MEAN ORBITAL RATE=E15,8/15H C i1079

lATCH UP RATEE1I5,8/21H IMPULSE REQUIREMENTEIS,8/t16H TIMEi INTO FLI A1080
2GHTPE15,8/7H DPHR3E15,8///) iAo8:

2210 FORMAT (45H COELLIPIC ORBIT PtACING VEHICL-E IN CDH ORBIT///) . 1062
2220 FORMAT (7H EP3E:15.8,7H RPP4EIS,8,7H RAP4EI5,8,TH AP4E15, A1083

8t7H bEP4E15.87?H TW40EIS,8,TH R4E15, ?TH V4EIS,8/7 H o i1084
2AMA4OE5,8, 7H VT4E15,8,'7H AMT40EI5,8,7H DELV4ElS.8////) .A1085

2230 FORMAT (50H THE TPI IGNITION ANGLE IN RELATION TO THE TAAGETaE15.8 ,A1086
1) A1087

2240 FORMAT (61H THIS SECTION DETERMiNES THE CATCH UP RATE IN THE;CDH A1088
1. ORBT/) -A109B

2250 FORMAT (77H IT ALSO SUMS UP THE DELTA VELOCITY AND CATCH UP ANGLE A10eO
I FOR THE TOTAL MISSION/) A1091

2260 FORMAT (7H TAUP4E15,8,7H PVPA4EIS5,8,7H DPDCUOE15,8,?H OLMR40E15, A1092
18/7H TTPIE15,8,7H DMRTOE15,847H DVITE15,8///) Aio93

2270 FORMAT (24H RANGE ANGLE OF PURSUITE15,,8//23H RANGE ANGLE OF TARGE iA1094
iTmE15,8/!/ A/1005

2280 FORMAT (29H COMPUTATIONS FOR SECTION 4-8//) A1006
2290 FORMAT (7H DPHIOE15,8,7H OP2OE15,807H DT2E15,8,7H TSBSTEI5. A1097

p1/7H DTIE15O8,7H TE1l5,8',7H TTEStiE15,'8;7H TTEST2E1.5.8///) A1098
2300 FORMAT (50H COMPUTATIONS FOR LiGHTiNG..CONDITIONS SECTION 4-10//) A1099
2310 FORMAT (7H AOEI5,8,,7H BOE59,8,7H COE1 5-,87H TYE15, A1100
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PROGRAM TARG

18/7H LAMDAOE15.8,7H PHSVOEl5,8'7H ALSVOEl5,8#7H BSVPTOEI5.8/) Al101
2320 FORMAT (23H STATE OF SPACE STATiON//) All02
2330 FORMAT (17H STATE OF ORBITER//) A1o03
2340 FORMAT (36H STATE VECTOR OF TARGET AT INSERTION/)/ Alo04
2350 FORMAT (6E1 3,6) Alios
2360 FORMAT (7H XTE15,8,7H YTE15,8H ZE ,7H XDTE15, iA106

1 8,7H yDTE15,8,7H ZDTE5e,8 //) A1i07
2370 FORMAT (35H STATE VECTOR OF TARGET AT LIFT OFF//) A11o
230 FORMAT (28H THE UPDATED TIME OF LAUNCHN;E15,//) Al10

END AlIl0o
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SUBROUTINE RK713 (TO,TFrTOC,XI ,X,N,KTM,BETA,ALPHCH,TI,AB)

SUBROUTINE RK713 (TO,TF,TOL,Xi.X,N,KT,M,BETA,ALPHCH,TI,AB) 1

SEVENTH ORDER RUNGE-KUTTA INTEGRATION WITH STEPSIZE CONTROL C 2
TF CAN BE GREATER THAN TI OR LESS THAN TI AND RK713 WILL WORK C 3
M IS THE NUMBER OF STEPS NEEDED 4
N IS THE NUMBER OF DIFFERENTIAL EOUATIONS 5
KT IS MAX NUMBER OF ITERATIONS 6
ARRAy F STORES THE 13 EVALUATIONS oF THE DIFFERENTIAL EQJATIONS 7

SUBSCRIPTS FOR ALPHA,BETA, AND CH ARE +1 GREATER THAN FFHLBERGS G 8
F(O) IN FEHLBERGS REPORT IS IN F(i,J) 9
F(I) IS IN F(I+1,J) 1
FEHLBERGS REPORT REFERENCED IS NASA TR R-287 C 11
PARAMETERS FOR DEQ SUBROUTINE MUST BE STORED IN COMMON 12
DIMENSIONS MUST AGREE WITH NUMBER oF DIFFERENTIAL EQUATIONS AND C 13
NUMBER OF CONSTANTS IN THE PARTICULAR FEHLBERG FORMULA USED 14
DIMENSION F(13,6), XDUM(6), TE(6), XI(6), ALPH(13), BETA(13,12), X 15

1(6). CH(13), AB(3), ACCO(3) E 16
T=T0 o 17
DT TF - TO 1

C 19M=O 19

DO 10 I=IlN C 20
10 X(I)=xI(I) C 21
20 CALL DEQ (X,T,TE,ABTI) G 22

Do 30 I=1,N C 23
30 F(II)TE(I) 24

DO 70 K=2,13 C 25
Do 40 I=1,N C 26

40 XDUM(I)=X(I) 27
NN: K-1 . 28

DO 50 I=I,N C 29
DO 50 J=1,NN 30

fO XDUM(I)=XDUM(I)*DT*BETA(K,J)*FiJ,I) 31
TDUM:=TALPH(K)*DT C 32
CALL DEQ (X!)UM,TDUMTE,AB,TI) 33
DO 60 I=I,N C 34

60 F(KI,)=TE(I) C35
70 CONTINUE 36

Do 80 I=1,N C 37
80 XDUM(I)=X(I) 38

DO 90 I=l1,N 39
Do 90 L=1,1i C 40

90 X(I)=X(I)+DT*CH(L)*F(LI) C 41
EpS=l. C 42
DO 120 I=1,N C 43

IF ALL THE VARIABLES BEING INTEGRATED HAVE MAGNITUDES WHOSE C 44
ABSOLUTE VALUES ARE ALWAYS MUCH LESS THAN 1,, THEN A VALJE C 45
OF EPS LESS THAN ONE MAY NEED TO BE USED TO ACHIEVE AN AZCURACY C 46
AS SPECIFIED BY TOL, C 47

IF (ABS(XDUMt(I))-FPS) 100,110,110 C 48
100 A=EPS 49

GO0 TO 120 50
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SUBROUTINE RK713 (TO,TF,TOL,XI,X,N,KT,M,BETA,ALPH,CH, TI,AB)

110 A=XDUM(I)
120 TE(I)DT*tF(l, I)+F( 1, I)-F(12, I).F(13,I))*,41,/840 /AER=ABS(TE(1))

DO 140 I12,N
IF (ABS(TE(I))-ER) 140,140,130

130 ER:ABS(TE(I))
140 CONTINUE

DT =DT
I1=M.1
AK=, 8
DT=AK*DT*(TOL./FR)** .125
IF (ER-TOL) 150,150,180

150 T=T+DT1
IF (ABS(DT)-AHS(TF-T)) 170,170.i60

160 DT=TF-T
170 CONTINUE

iC
20u
210
2?0
2.30

GO TC 2U0
iC 190 I1=,N
X( I)XDUM(I)
IF (M-KT) 210,220,220
IF (T-TF) 20,230,2n
TF:T
RETURN
NjD

PAUE 8

C
C

C

C
C

.;
0

t,;

G

0
0
0
%
0

c

C

0
e
6

.c

0

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74-
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SURROUTINE RKG 'PHIL,AZXI,DXITITF)

SUBROUTINE RKG (PHILAZ,XI,DXIrTITF)
DIMENSION X(6), DX(6), ALPH(13), BETA(13,12), CH(13), AB(3), XI(3)
, DXI(3)
DO 10 I=1,3
X(I):XI(I)

10 X(I*3)=DXI(I)
GM=3,9860319E14
RCONV=,174 5329252E-01
RPHIL=PHIL*RCONV
HAZ:A7*RCONV
AB(1)=SIN(RPHIL)
AC3=COS(RPHIL)
AB(2)=-AC3*SIN(RAZ)
AB(3)=AC3*COS(RAZ)
JDO 30 .I=1,13
DO 20 J=112

20 BETA(I,J)O.
ALPH(I):O.

30 CH(I)O,
CH(6)c34./105.
CH(7)c9./35,
CH(8)=CH(7)
CH(9)=9,/280.
CH(10 )CH( 9)
CH(12)m41,/840.
CH(13)=CH(12)
ALPH(2)=2./27.
ALPH(3)=1./9.
ALPH(4)=1,/6.
ALPH(5)=5, /12.
ALPH ( ) := 5
ALPH(7)=5o/6.
ALPH(8)=i,/6'.
ALPH(9)=2,/3.
ALPH (10) 1/3.
ALPH(11) =1.
ALPH(13) 1,
BETA(2,1)=2, /27.
BETA(3,1) 1./36..
BETA(4,1) =1, /24.
BETA(5,1)=5./12.
BETA(6,1)=.05
BETA(7,1)=-25./108.
BETA(8,1)=31./300.
BETA (9,1)2,
8ETA (101) -91./108.
HFTA(11,1 ):383./4100.
BETA(12,1 ). 3. /205.
BETA(1.3,1)=-1777. /400.
BFTA(3,2):1./12.
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SUHROUTINE RKG (PHIL,AZ,XI DXI, TITF)

BFTA(4,3)=1./8. D 51
BETA(5,3)=-25./16. D 52

ETA (5,4)=-3ETA(5,3) U 53
8ETA(6b4)=.25 u 54
BFTA(7,4)=125./108. U 55
BETA(9 4)=-53 ./6. U 5
BFTA(10,4)=23./108. 57
BETA (11,4)=-341./1.64. U 58
BETA(t134):SETA (11,4) 59
BETA(6,5)= ,2 D 60
BFTA(7p5)=-65o/27. U 61
8FTA(8e5)=61./225. b 62
BETA(9,5)= 704o/45. D 63
BETA(10,5)=_976./135. D 64
9ETA(11p5)=4496./1025. D 65
BETA(13p5)9HETA(11,5) U 66
BETA('76)=125./54. u 67
BETA(8e6)=2/9. D 68
BETA(9,6)-t107./9. 69
6FTA(10,6):311,/54. U 70
tBTA(11,6)=-301./82, U 71
BETA(12,6)=-6./41. C 72
FETA(13,a6)-289o/82, D 73

BFTA(8,7)13o/900o. D 74
BETA(987)a67/90 o D 75
8ETA(aO,7)=-119/6. 76
@cTA(lp7)g2133./41)04 D 77
BETA(12e7)E-3./205. D 78
BETA (1 3 7) 2193 /4100f l 79
BETA(998): , G0
BETA(10D8)= 017./6 81
9ETA(llo8)45. /82. D 82
BETA(12 t8)=3o./4 1. . 83
8ETA(i3,8)51./82. U 84
BETA( ,lo.9) ./12. D1 85
aETA(%11,9)45./164. 0 86
BETA (12 9) 3 ./41. U 87
BE'A 13 9) 3 o/164. D 88
BFTA(11%1%0)o1 ,/41. u 89
8ETA(12e10 )6,/4 1. 90
8ETA ( 3 10 ) 12, /41. 9 1
tE- A (1312) a. U 92
CALL IDEQ (X,'TI,DX,AB,TI) b 93
TOL-go5Eo06 D 94
T ui T U 95
CALL NR713 (TO,TF,TOL,XX,620062 0,M,BETA,ALPkHCH,T[IAB) D 96
CALL DEn (XTsF,Dx,AB,TI) U 97
UO 40 =:103 I 98
XI( )=X(I) U 99

40 JXi(l))X( T3) U 100

E-28



M-1082
· ~ ~~~~~~~~ I iNORTHROP SERVICES, INC.

TIDY*

RETURN
END

PAUE 14
SURROUTINE RKG CPHIL, AZ,XI, DXITI,TF)

D %01
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SUBROUTINE CONIC (R,V,AZ,PHI,AAAP,ENCTHTNTHIEPA,ALFAD,RA,RPC -

SUBROUTINE CONIC (R,VAZ,PHI,AA'AP,ENC,THTN,THEPA,ALFADRA,Rp,C e 1
13,PHII) 1 

2IENSION R(3). R(3) , (3), RU(3), (3)* V(3), HU(3), THNV(3), THNU(3), 3
1QU(3), PU(3), XI(3). T(3), SU(3), B(3 ), CU(3) 4

W(1)=SIN(PHl,) 
E 5W(2) -COS(PHI )*SIN(AZ) 6

W(3)=COS(PHI)*COS(AZ) t 7CALL VUNIT (RU,R) 
CALL VCROSS (H,R,V) 

9CALL VUNIT (HU,H) f 10CALL VCROSS (THNV,HW) 
.11CALL VUNIT (THNIJ,THNV) 

E 12CALL VCROSS (OU.HUl,RU) & 13
CALL VCROSS (PUTHNU,HU) 14GM=3,986 0 3 1979E14 p 15
RM=SQRT(VDOT(R,R)) 

E 16P=VDOT(H,H)/GM 
E 17RD=VDOT(VRU) 

8A=GM*RM/(2,*GM-RM*VDOT(V,V)) 
19TEST=(lo-P/A) 

E 20
IF (TEST) 20,20,10 

E 2110 E=SQRT(TEST) 
E 22GO TO 30 t 2320 E=O0O 

2430 CONTINUE 25COSTHc(PqRM)/(E*RM) 
E 26SINTHm(RD/E)*SQRT(P/GM) 
E 27Do 40 I1=,3 
E 284 U XI(l):RU(I)*CCSTH-QU( I)*SlTH 2

ALFAD=ARTAN( VUT( XI PUVDOT( XITHNU)1) E 30
Th=ARTAN(SINTHcOSTH,1) 3CALL VCROSS (CU,HlJ,THNU) 3
PHUI=ARTAN(VDOT(ClJ, RJ),VDOT(THNU, RU)1.) E 33T(1)=COS(PHI) 

34T(2)=SIN(AZ)*SIN(PHI) 
t 35T('3)=-COS(AZ)*SIN(PHI) 
E 36CALL VCROSS (SU,w,T) t 37

THTN=ARTAN(VDOT(THNU,SU),VDOT(THNUT)I) 't 38CALL VCROSS (RW,THNU) 39
ENC=ARTAN(VDOT(HU,B),VDOT(HUW),-1) 

f 40RE=6378166, , 41
CNV=1852. b 42
C3=-GM/A ~ 43
RAsA*(1,+E) , 44
Rp=A*(I,.E) 45
AA=(RA-RE)/CNV 

t 46APC(RP-RE)/CNv 
t 47RETURN t 48

END 
49.
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SUBROUTINE GMAT (PHI,AZI,THTN',ENCG,P'I) F iDIMENSION AA(3,3), B(3,3), C(3"3), D(3,3), TE(3,3), G(3,3) 2CALL MAROT (AA,AZI-PI/2,,,1) 
3CALL MAROT (B,PHI,3,1) 

F 4CALL MAROT CC,THTN,2,,1) 
F 5CALL MAROT (D,ENC,1,-1) 
F 6CALL MAMUL (GB,AA)

CALL MAMUL (TE,CG) 
F 8CALL M'AMUL (G,DTE) F 9RETURN 
F 10END j i
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'r I Dy PG 22SUBROUTINE MAROT (A#ANGLEK,L) PAGE 22

SUBROUTINE MAROT (AANGLE,K,L) 
H IDIMENSION A¢3,3), C(3,3) H 2SANG=SIN(ANGLE) 
I 3CANG=COS(ANGLF) 
H 4DO 10 1=1,3 
H 5DO 10 J=1:3 H 6

13 A(1#J)=0; .I 
7M=('3*K**2+1i*Ko4)/2 

H 8N=( 3*K**2-13*K+1.6)/2 
H 9AcKK)=I, 0 
H 10A( M,M)CANG 
H 11A(N,N):CANG 
H 12A CM, N)SANG 
H 13A(NM)=-SAN1 

14IF (L) 20120,50 
H f120 DO 30 i=103 
H 16DO 30 J=1,3 
H 173Ul C(I.J)A(JI) 

18DO 40 ::=l3 
H 19DO 40 .J=13 
H 2040 AC I , J):C(I ,J) 
h 2150 RETURN! 

22END 
H 23
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* T D .. .. .. .
FUNCTION ARTAN (SANG,CANG, ISW) PAGE 23

FUNCTIUN ARTAN (SANG,CANG,ISW' ' 1C THIS SUBROUTINE USE THE SINE AND COSINE OF THE FUNCTION i 3C
C AND PLACES THE ANGLE IN THE PROPER QUADRANT. L 4C 5C IF ISW1I THE ANGLE IS PUT BETWEEN 0 AND 2-PI 6C IF ISW=-l THE ANGLE IS PUT BETWEEN - PI AND * PI L 7C 

L 8PI=3.14159265L 
9IF (SANG) 1,7,10 ,L 101 IF (CANG) 2,3,4 

'. 112 ART4AN-PI+ATAN(SANG/CANG) 
L 12GO TO 5 

13 ARTANs-PI/2, 
L 14GO TO 5 L 154 ARTAN=ATAN(SANG/CANG) 
L 165 IF (IsW) 14,14,6 
i- 176 ARTAN=:2*P.*ARTAN L 18GO TO 14 
L 19

7 IF (CANG) 8,9,9 L 208 ARTAN=PI 
L 21GO TO 14 
L 229 ARTAN=O, 
iL 23GO TO 14 
L 2410 IF (CANG) 11,12,13 
L 2511 ARTAN=PI+ATAN(SANG/CANG) 
L 26GO TO 14 

.L 2712 ARTAN=PI/2, 0 
28GO TO 14 .
2913 ARTANaATAN(SANG/CANG) 

L 3014 RETURN L 31
( B L A N K C A R D)END 

L 320
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FUNCTION POLY (CXeN) PAGE 2c
FUNCTION POLY (C,X,N)

C C IS THE COEFFICIENT ARRAY 2C X IS THE INDEPENDENT VARIABLE
c N XS THE DEGREE OF THE POLYNOMIAL

DIMENSiON C¢1) ,j 4POLY=:O . 0 
6K=N+l'

10 POLY=C(K)+POLY*X 

IF (K.GTTO) 1 ,20 j t20 RETURN
E N!D D4 1

12. %~
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3200 F.ORTRAN (3.0)/RTS

SUBROUTINE ECCV(GM,XP,XDP,?TEMP1i)
pIMENSION XP(3),XDP(3),TEMPi.(3) ,TEMP2(3)*TEMP3(3)
CALL VCROSS (TEMP1,XP,XDP) A 407
CALL VUNIT (TEMP?,XP) A 408
CALL. VCROSS (TEMP3,TEMPl,XDP) A 409
DO 360 Il1,3 A 410

360 TEMPI(I)=-(TEMP2( I )TEMP3()/GM) A 411
RETUP N
END

FORTRAN DIAGNOSTIC RESULTS FOR ECCV
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! D Y PAUE 2
SUBROUTINE DEQ (X,TDXABT) PA

SUBROUTINE nDE (X,TDX,AB,TI) A I

DIMENSION X(6), DlX(6), AB(3), xDUM(6), ACCO(3) A 2
GM=329860319E14 A 3

AA=,6378166E+07 A 4

FJ=1,62345E-03 A 5
FH=-5.75E-06 A 6

FD=7.875E-06 A 7

DO 20 I=1,3 A 8
20 DX(I)=X(1+3) A 9

R2=X(I)*X()X()+X2)*X(2)+X(3)*X(3} A 10

R=SORT(R2) A 11

RI=l./R A 12

R21=1./R2 A 13

B=AA*AA*R21 A 14

BRgAA*RI A 15

A=(AB(I)*X(I)+AR(2)*X(2)+AB(3)*X(3))*RI A 16

A2A*A A 17

A4=A2*A2 A 18
GR=B*(FJ*(1.-5.*A2)+3.*FD*(1./7#.2.*A2+3.*A4)*B+FH*BB*A*(3.-7.*A2) 19

l) A 20

GP=B*(2,*FJ*A+4.*FD.A*(3./7, A2)*B+3.*FH*BB*(A2-1./5.)) A 21

Do 30 I=1,3 4 22

30 DX(I+3)=-GM*R2I*((l,+GR)*X(I)*I * +GP*AR(I)) A 23

RETURN A 24

END A 25-
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T AID Y * PAUE 20
SUBROUTINF FATT (BBB,AAA)

SUBROUTINE FATT (PBB,AAA) G

DIMENSION BH8(3,3), AAA(3,3) G 2

DO 10 L.=l,3 4
DO 10 M=10,3

10 HBB(L.M)=:, 5

DO 20 J=1,3 G 6

Do 20 !=1,3 ( 7

20 BBB(J )=AAA(I,J) ' 8

RETURN - 9

END G 10o
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T I D Y * PAGE 28
SUbR(OUTINE FATMU (EEEAAADDD)

SUBROUTINE FATMU (EEE,AAADDD) K 1
DIMENSION bEE(3), AAA(3,3), DDD(3) ' 2
Do 10 L=:13 K 3

10 EEE(L)=:. K 4
DO 20 1=1,3 K 5
130 20 J=1,3 K 6

20 EEE( I )EEE( I)+AAA( I,J)*DDD(J) K 7
RETURN K 8
END K 9o
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T I D Y * PAUE 26
SUBROUTINE PRINT (T,RI,VI,AZ,PH,TULO)

SUBROUTINE PRINT (T,RI,VI,AZ,PHTULO) J 1
DIMENSION RI(3), VI(3) . 2
TULOIuTULO*T J 3
TT=T j 4
ICORO 5

10 HR=TT/3600. J 6
IHRRHR -7
XMINt(TT-IHR*3600.)/60. - 8
MIN.XMIN d 9
SEC=TT-IHR*3600.-MIN*60, U o1
IF (ICOR-1) 20,30,30 Ij 11

20 PRINT 40, IHR,MIN,SEC J 12
TTaTULOI 1
ICOR=i i 14
GO TO 1J d 15

30 PRINT 5J, IHR,MIN,SEC 16
CNV357,295779513 d 17
CALL CONIC (RI,VI,AZ,PH,AA,AP,ENC,THN,TH,E,P,A,ALF,RARP,C3,PII) 18
ENCI:FNC*CNV . 19
-THNi=THN*CNV j 20
TH1PTH*CNV j 21
ALFi=ALF*CNV . 22
PHII1=PHII*CNV :j 23
PRINT 60i, T,RI,VI,AA,AP,RA,RPPA,E,C3,ENCi,THN1,TH1 ,ALFI,PHII1 j 24
RETURN J 25

J 26
j 27

40 FORMAT (2X,lYH TIME FROM LIFT-OFF/5H HRS:,I2,3X,5H MIN=,I2r3X,5H S j 28
1EC=,E15.8//) j 29

50 FORMAT (2X,15H UNIVERSAL TIME/5H HRS=,I2,3X,5H MINU,I2,3X,5H SEC=, j 30
1E15,8//) 'i 31

60 FORMAT (/3X,4HTIME,E15.8/5x,2H X,E15.8,6X,1HY,E15.8,6X,lHZ,E15.8,5 .j 32
IX,2HXD,EI5.8,5X,2HYD,E15.8,5X,4'HZD,E15.8/4X,3H AA,E15.8,4X,3H AP,E .j 33
215.8,4X,3H RA,E15.8,4X,3H RP,E15,8.5X,2H PE15,8,2X,5H A,E15.8, ~ 34
3/5X,2H E,E15.8,4X,3H C3,E15.8,4X,3HENCE15.8,4X,3HTHN,E158,5X,2HT j 35
4H,E1 5.8,2X,F)HALFAD,i:15.8/7H PHIIOE15.8///) j 36
END j 37D
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T D Y * PAIE 30
SUIROUTINE FATML (CC(,,8BB,AAA)

SuBfPOUTINE FATML (CCC,HRB,AAA) L 1
L)IMENF! 1oN CCC(3,3), BBB(3,3), AAA(33,) L 2
I)f 1.; L=lA3 L 3
D 10. fti,=i3 L. 4

1u (CCC( L ,M), L 5
J)G 2C ,J=i,3 L 6

rh 2n I= ,3 7
UDO 20 K=1,3 L 8

20 ;CC i, J) CCC( I, J) +-B8( I, K )*AAA (K, J) L 9
;E NT LL 10

E NU L 1Io
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TIDY* PAGE

SUBROUTINE TIME (AE,THA, THB,GM,PITF)

SUBROUTINE TIME (A,E,THA,THB,GM,PI,TF)

THIS SUBROUTINE DETERMINES THE KEPLERIAN TIME OF FLIGHT
HETWEEN TWO POSITIONS ON AN ELEPTICAL ORBIT

DIMENSION TH(2), SINE(2), COSE(2), ECA(2), XM(2)
TH(1)=THA
TH(2)=THB
DO 10 I=1,2
SINE(I)=SORT(1.-E**2)*SIN(TH(i'))/(.*E*COS(TH(I)))
COSE(I):(E+COS(TH(I)))/(1,+E*CnS(TH(I)))
ECA(I)=AHTAN(SINE(I),COSE(I).i)

10 XM(I)=ECA(I)-E*SIN(ECA(I))
XMTR=XM(2)
ETi:ECA(1)
ET2:ECA(2)
T=SQRT(A**3/GM)
TFA=T*XM ()
TFB=T*XM(2)
IF (TFB-TFA) 20,30,30

20 TFB:TFB+2,*PI*T
30 TF=TFH-TFA

RET URN
END
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3200 FORTRAN (3.0)/RTS / /

SUeROUTINE HANGA( T, DT, OMEGA,PHIT)
DIMENSION TEHPI(3jTEMP2(3),TEMP3(3 ,XOMEGA(3),XT(3),XDT(3)

CALL VCROSS (TEMPl1XT,XDT)
CALL VCROS5 (TEMP2,TEMP1,XOMFGA) A 119
CALL VCROSS (TEMP3,TEMP1,TEMP2) A 120
RRT=VMAG(XT) A 121
SINPkT=VDOT(TEMP3,XT)/(VMAG(TTEMP3)*RRT) A 122
COSPHT=VDOT(TEMP2,XT)/ (VMA (TEMP2)*RRT) A 123
pHIT=ARTAN(SINPHT,COSPHT,1) A 124
RETURN
END

FORTRAN DIAGNOSTIC RESUILTS FOR RANGA
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3200 FORTRAN (3.0)/RTS /

SR'ROUTIE'' TRIE (XP XDP,TEM , EMP (3)TEMP3(3)
0 i:E , I ON XP(3) , XDf(3 , TEMPT t3),

EP"V. AG(T'EMP1)
RMiP=VMAG ( XP)

CALL VCROSS (TFMP2,XDPXP) A 549
CALL VCROSS TEFMP3,TEMP1,TE'MP2') A 550

CO.SPTA=VI POT(TEMP1, XP)/(EP*RMP A 551
SI PTAVDO TF(TMP3,XP) /(VMAG (TEMp3)*RMP) A 552

PTA=ARTAN(SINPTA,COSPTA,1) A 553
p E T U ;
FND

FORTRAN DIArNOSTIC RESIJLTS FOR TRUE
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